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PREFACE TO THE REVISED EDITION 


The changes in this Second Edition result in large part from 
uggestions made by those who have used the text in the class- 
jom. Other changes and additions have been made in order 
> conform as closely as possible to present-day surveying 
ractice. 

The major differences between this edition and the earlier 
ae will be found in: 

1. Chapter XII on Land Surveys. Most of these changes 
/ere made necessary by the 1947 revision of the Manual of 
nstruction for the Survey of the Public Lands of the United States 
sued by the United States Bureau of Land Management. 

2. Chapter XXI on Engineering Astronomy. The 1949 
^phemeris data are used in computing latitudes and azimuths 
rom sun and star observations. Guide outline's of procedure 
i yr showing relations between places and celestial bodies are 
added for the benefit of the student. 

3. Chapter XXIV on Photogrammetry. This has been 
mlarged, revised, and brought up to date by Professor H. O. 

>arp. Practical applications of the use of photogrammetric 
j inciples are stressed for such problems as highway location. 

4. Additions to and deletions from the lists of inferences 
r inted on the last page of each chapter. These are helpful 
i > the practicing engineer or student when more details of a 
j irticular subject are needed. These references have been 
( irefully selected. 

As in the previous edition, the cooperation of associates in 
^aching and practice, of students, of manufacturers, and of 
ivernmental agencies is gratefully acknowledged. The 
uthois will be most appreciative of further desirable changes 
lat may be brought to their attention by those who use the 
ext. 

M^uary, 1950 


The Authors 




PREFACE TO THE FIRST EDITION 


This combined volume of Engineering Surveys has been pre¬ 
pared as a text and reference book for the first (Elementary) and 
the second (Applied or Higher) courses in surveying. The 
elementary part is identical with Engineering Surveys: Elemen¬ 
tary, which has passed through several corrected printings and 
editions, and which continues to be published separately for 
those preferring a shorter text. The same assignments can be 
made from both books. 

The present volume aims to present the entire subject as it is 
taught throughout the United States, and as specified in the 
following minimum course content adopted by the Second 
National Surveying Teachers’ Conference of the Society for the 
Promotion of Engineering Education held at Camp Case, Ohio, 
in August 1940: 

11 Elementary Engineering Surveys: History and purposes of 
surveying; note keeping and theory of errors; distance meas¬ 
urement; leveling; horizontal and vertical angle measurement; 
methods of traversing; meridian determination; location of 
details; traverse computations with special emphasis on co¬ 
ordinates; plotting; methods and sources of information of 
land description, including United States Public Land System, 
by metes and bounds, and by named subdivision; responsi¬ 
bilities and limitations of land surveyors; adjustment of 
instruments; and appropriate field practice. 

“Applied Engineering Surveys: Field practice in adjustments 
and practical astronomy together with theory dealing with the 
application of errors and precision; topography and mapping 
with horizontal and vertical control by transit and stadia, 
plane table, and the elements of photogrammetry unless the 
latter is covered in a separate course; hydrographic surveying, 
including stream gaging where possible; and a general knowl¬ 
edge of other forms of surveying such as underground and 
. mine surveying, use of state plane coordinates, and legal 
aspects of land surveying.” 

The Conference also suggested that . . teachers of survey¬ 
ing ‘streamline’ their surveying courses by eliminating non- 
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essentials and adding new material made necessary by future 
widespread use of precision surveying for control purposes, 
state-wide coordinates, and photogrammetry; and that they 
create a new 1 esprit de corps ’. . . and an aroused interest in the 
subject, with general recognition of recent important develop¬ 
ments and future potentialities.” 

More than the minimum content for these subjects is included 
and additional subjects useful to most engineers have been 
added, such as the chapters on city planning surveys and con¬ 
struction surveys. 

Many phases of surveying are advancing so rapidly that they 
must be followed in technical periodicals and in engineering 
practice rather than in textbooks. For this reason a sound funda¬ 
mental treatment is given in this text and adequate annotated 
references occur at the ends of the “Applied” chapters and 
elsewhere. Were this volume doubled in size by including the 
ever changing details covered in current publications, its purpose 
of serving as an easily comprehended and practical text would be 
defeated. Regarding current developments, the reader must 
consult the Engineering Index and the Industrial Arts Index 
which list periodical articles describing latent procedures. It 
is essential that the engineer form the habit of thus familiarizing 
himself with contemporary practice. 

For the few engineers who engage in the most precise and 
specialized types of surveying, as for example first order control 
of the United States Coast and Geodetic Survey and photo¬ 
grammetry, it will be necessary to study further these subjects 
which are treated only briefly in this volume, either in more 
advanced collegiate courses or in actual practice with govern¬ 
mental or private organizations engaged in this work. 

The comprehensive Tables include five-place logarithms and 
trigonometric functions for use in ordinary surveying, and 
seven-place natural functions of sines and cosines for use in the 
more precise surveys, assuming that the natural functions gen¬ 
erally will be used on the electric computing machine which has 
replaced logarithms for extensive office computations. The 
previously published student note forms have been improved 
and extended to include more difficult types in Table X. An¬ 
swers to the first problem of most sets of problems are given to 
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aid the student, and the further unsolved problems are provided 
for testing his knowledge. Different sets of numerical data per¬ 
mit the problems to be used for several semesters. 

Special effort has been made to facilitate ease of reading and 
reference through large type, clear figures, a comprehensive 
index, and the numbering of tables, figures, and formulas so that 
they may be located by means of the section and chapter num¬ 
bers carried at the head of each page. It is hoped that joint 
authorship of five men as well as the suggestions which have 
been received from many associates in teaching and in engineer¬ 
ing practice will insure an authoritative treatment. The co¬ 
operation of these associates as well as the assistance of manu¬ 
facturers of equipment and of governmental agencies in pro¬ 
viding illustrative material are gratefully acknowledged. Valued 
suggestions wore received from the editor, Dean H. P. Hammond 
of The Pennsylvania State College. 

Chapter XXIV, Photogrammetry, was written by Professor 
IT. O. Sharp of Rensselaer Polytechnic Institute; and Chapter 
XXVI, Hydrographic Surveys, by Professor W. I. Freel of 
Purdue University. Advice and criticism were given by Pro¬ 
lessor A. H. Holt of Worcester Polytechnic Institute for Chapter 
XXVlI, Legal Principles of Boundary Surveys; and by Professor 
C R. Forbes of the Missouri School of Mines and Metallurgy 
for Chapter XXIX, Underground Survey*. 

Tables 1, II, and III are those of the Macmillan Company; 
Tables V and VI are from the Standard Field Tables of the l T nited 
States La ml Offiee; Table VII is that of the Paulin System Manual 
of Altimetry; and Table XI is from Ives’ Seven-plaee Tables . 

It has been the purpose to prepare a practical, up-to-date text 
and reference book covering material most needed by practicing 
engineers, adapted to modern trends in surveying instruction 
for all departments of engineering; and suitable for either 
campus classes or surveying camp. 

This volume, together with Rubey’s Route Surveys , completes 
a series of coordinated texts covering all of the undergraduate 
surveying courses ordinarily required. It is offered with the 
hope of improving instruction in this basic field of engineering 


study and practice. 
January 1, 1942 


The Authors 
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ELEMENTARY 


CHAPTER I 

INTRODUCTION 

1. Why Study Engineering Surveys? Briefly, the broader 

answers to this question may be summarized as follows: 

1. It is a required subject in engineering curricula throughout 
the country and is the basis for a large part of most engineering 
work. 

2. Large numbers of engineers engage in surveying, or work 
closely associated therewith, as their first position after leaving 
college. 

3. Other engineers are so engaged in subsequent practice 
either directly, indirectly, or in a supervisory capacity. 

4. Surveying serves to introduce the engineer favorably to 
influential persons who are undertaking expensive projects. 
Desirable professional and business connections often grow out 
of such introductions. 

5. A considerable portion of those engineers who became top 
engineering and management officers of corporations and 
governmental enterprises began their careers in surveying. 

6. It is commonly thought that engineers are usually ham¬ 
pered in their advancement by lack of friendly extroverted 
public contacts and that successful careers in engineering and 
management are better attained by men possessing these 
characteristics. Surveying, and the contacts associated with it, 
tend to develop such characteristics. 

Other viewpoints and benefits resulting from surveying may 
be found in and inferred from the following sections of this 
introductory chapter. 

2. What Engineering Surveys Are. To survey is defined by 
Webster’s Dictionary as follows: “To determine and delineate 
the form, extent, position, etc., of, as a tract of land, a coast, 

1 
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harbor, or the like, by taking linear and angular measurements, 
and by applying the principles of geometry and trigonometry.” 

.All surveys have the same basic characteristic — that of 
delineating a portion of the earth’s surface or sub-surface or 
of establishing the position or boundaries of some object upon 
it; but engineering surveys usually serve the additional purpose 
of furnishing information upon which an engineering project 
is planned, laid out on the ground, and constructed. 

Not all surveys are of such nature or extent as properly to 
be called engineering surveys; some, for example, are merely 
simple surveys of land boundaries that may be conducted by 
following well-established routine methods. Some land surveyors 
of the old school, who learned to make surveys of this kind by a 
sort of apprenticeship, are not engineers and are not classed as 
such when they are licensed by law, since they are not qualified 
to execute engineering projects. Engineers, however, must have 
a working knowledge of surveying because engineering projects 
so often involve surveys. 

Surveys cover a wide range in scope and complexity, from the 
staking out of simple structures or the surveying of small parcels 
of land to the extensive and difficult surveys incident to great 
construction projects, such as a railway or an aqueduct, or the 
surveys of relatively large portions of the earth’s surface. The 
latter often require precise scientific methods and a very high 
degree of skill, for which education, training, and experience 
of a high order are necessary. 

In recent years, in increasing proportion, many surveys are 
made by engineers, even though the survey may not form part 
of an engineering construction project. 

Surveys are divided into two general classes, plane surveys and 
geodetic surveys. Plane surveys are those made upon the 
assumption that the earth is flat. Most engineering surveys are 
of this nature. The error involved in this assumption as to an 
area as large as a township (six miles square) will not ordinarily 
be excessive. 

Geodetic surveys are those in which the surveyor takes into 
account the curvature of the earth, generally considering it as 
a sphere, but in some instances allowing for its true spheroidal 
shape. Geodetic surveys are usually made by the United 
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States Coast and Geodetic Survey; they are partly of a directly 
practical nature and partly in the nature of purely scientific 
work. Engineering Surveys: Elementary treats only of plane 
surveys, such as are the basis of most engineering projects of 
which surveys are a part. Some consideration is given to geo¬ 
detic surveying in Engineering Surveys: Applied. 

3. Uses of Surveys. All engineering and construction proj¬ 
ects extending over a considerable area or distance are based 
upon elaborate and complete surveys. Such projects include 
railways, highways, transmission lines, canals, pipe lines, 
sewers, streets, buildings, industrial plants, wharfs, piers, dams, 
reservoirs, and the like. Real estate holdings must be surveyed 
for transfer, mortgaging, and determination of boundaries on 
the ground. Extensive maps, based upon surveys, are made 
by the Federal Government. The use of maps and surveys in 
military operations is well known. Most constructions involve 
a succession of surveys. 

Regarding the importance of surveys in their respective fields, 
it is probable that the various branches of engineering rank in 
somewhat the following order: civil, mining, agricultural, 
electrical, mechanical, and chemical. 

The more scientific the basis upon which a corporation in a 
given field conducts its operations, the more surveys are made 
to aid the management in reaching its decisions. As a conse¬ 
quence, the modern tendency to replace the small business 
project under individual ownership by the large corporation, 
results in the making of more and more surveys. 

Because of the extent to which surveys and maps are the 
basis of all extensive engineering projects and most industrial 
operations, executives find knowledge of the subject valuable, 
particularly a knowledge of land surveys. Officers of all branches 
>f the army are required to be familiar with surveying and 
napping, and certain branches of the service use it extensively. 
Many corporation officials have had early experience in surveying. 

4. Training Provided by Surveying. Surveying provides 
raining of many kinds, in addition to inculcating knowledge 
>f surveys themselves. The subject provides an excellent 
■eview and application of the principles of geometry and trigo- 
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nometry, those branches of mathematics that are so widely 
used in engineering. It provides training in the systematic and 
neat arrangement of notes taken in the field, a training that 
is equally applicable to the factory and to the laboratory; and 
it provides drill in long and systematic calculations which 
cannot be carried out haphazardly, in the use of logarithms, 
in mapping, and in drawing. 

The field work gives practice in planning the operations of 
groups of skilled men; it gives close contact with fellow workers 
and with the inhabitants of the country in which surveys are 
made; and it develops in the chief of the survey party the 
qualities of leadership needed in the negotiations and the 
carefully planned scientific operations that are required in 
modern industry. 

All of the office training in surveying will be found helpful 
in other types of engineering office work. 

Possibly one of the greatest benefits to the individual grows 
out of the healthfulness of the work. Largely conducted out- 
of-doors, with sufficient office work to occupy times of inclement 
weather, it combines the healthful benefits of hunting or fishing.« 
with the satisfaction that one is engaged in constructive and 
remunerative work rather than in non-productive play. 

It is thus not difficult to understand why some of our great 
leaders practiced surveying at some time in their lives. George 
Washington* continued his surveying as opportunity permitted 
up to the time of his death. Lincoln and Hoover were surveyors 
for a time. Ex-president Rubio of Mexico states that he has 
carried a transit over most of that country. A number of the 
presidents and chairmen of the boards of directors of our rail-' 
ways, steel and oil companies, and the like, began their careers 
in work involving surveys. Good health, the breadth and bal¬ 
ance of mind resulting from outdoor work, the confidence devel¬ 
oped by seeing scientifically planned surveys made and checked 

* In his definitive biography, Washington , 1948, Freeman says, “Washing¬ 
ton's maturity, his energy, his high code of behaviour and his skill in dealing 
with most of those in authority were rendered more effective by his strong sense 
of order. Every task was performed as if it were a land survey — step by step, 
with closest possible approach to absolute precision. As his memory was not 
especially strong, Washington relied on memoranda, the military equivalent of* 
his surveyor's field notes. Whatever he undertook to do, he did thoroughly 
aud methodically." 
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with precision and accuracy, the projects for the benefit of man¬ 
kind that are reared upon these surveys, all tend towards making 
a full and well-balanced life for those so engaged. 

The late Judge E. H. Gary, for many years Chairman of 
the Board of Directors of the United States Steel Corporation, 
said: “Of highest importance and consequence ... a man 
should be absolutely honest. Akin to honesty is accuracy. 
. . .” Both honesty and accuracy are fostered by surveying. 
One must be absolutely honest and accurate in his survey 
work, not only to his associates but to himself. No mental 
evasion or play upon the weakness of humanity will cover up 
errors or make poor work check properly. Careful, pains¬ 
taking effort resulting in definite material benefit cannot but 
make for the development of character. 

Unfortunately, the remuneration of the older surveyor, both 
financial and in prestige, is not great. For this reason most 
of the technically educated engineers turn their attention to 
other types of activity, sucli as engineering and administration, 
after some months or years spent in surveys. Through the 
contacts with engineers, managers, and owners, surveying 
provides an excellent opening into these activities. Memories 
of that portion of the younger life so spent, and the occasional 
opportunities for surveying in later life, will be recognized as 
having contributed toward substantial success in the worth¬ 
while things of life. 

It is hoped that the engineer, especially the student engineer, 
will approach his survey work with these broad views in mind. 

5. Factors Controlling Surveys. The factors that control 
methods used in surveys are determined by the need — 

1. To secure the needed information 

2. With adequate accuracy or precision 

3. At a minimum cost, and 

4. Frequently in a minimum time 

Neither time nor money may be spent indefinitely in at¬ 
tempting to secure a perfect survey; in other words, the law 
of diminishing returns operates here as elsewhere. 

As in most human affairs, the theory involved in ordinary 
surveying is not particularly difficult to understand. Thought, 
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judgment, skill, experience, care, and honesty are necessary in 
the execution of surveys and survey computations so that they 
may conform to the criteria given above. The greatest care 
must be exercised to avoid mistakes and small errors, and a 
procedure must be adopted which will permit of continual 
checking, since only by such checking is correct work assured. 

Good surveys are based on painstaking and systematic work 
which has been executed with good judgment and good human 
relations. Surveying is thus partly a science and partly an art. 



CHAPTER II 


MEASUREMENT OF DISTANCES 

6. Introduction. Rough estimates of distances may be 
made by eye or scaled from maps or aerial photographs. Occa¬ 
sionally distances are secured by triangulation, as described in 
Chap. XI. The more common field methods are described in 
the following sections. The necessary precision (degree of 
accuracy) of measurement should be decided upon; then that 
method should be used by means of which the measurement 
will be made most conveniently. 

7. Pacing. The length of the human pace varies with the 
individual, few people having a natural pace as long as 3 feet. 
For pacing short distances, such as the dimensions of a room 
or building, good results may be obtained with an artificial 
pace of 3 feet, but few can maintain such a pace for long distances 
without fatigue. For these longer distances the natural length 
of pace is determined by pacing over a course of known length, 
a quarter of a mile or more, and thus standardizing the pace 
of the individual. 

The length of pace will vary with fatigue, with the weight 
of shoes and clothing, with the roughness of the ground, with 
the slope of the country, and with the speed of pacing. In 
general, the length of the pace decreases as any of these factors 
increases, except the speed. 

Considerable difficulty is encountered in keeping count of 
the paces. This is facilitated by counting strides t each stride 
consisting of two paces and being between 5 and 6 feet in 
length. A sort of rhythm may be developed in counting 5- 
or 10-stride units instead of single-stride units. Each 10 or 
100 strides may be tallied by closing one of the fingers of the 
open hand; or a notched stick may be provided upon which to 
move the thumb forward, each notch representing 10 or 100 
strides. A mechanical tally which is operated by the thumb 
may be used similarly. A pedometer when strapped to the 
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pacer will automatically record in miles the distance covered, 
after it has been adjusted to the pace of the wearer. A similar 
instrument called a passometer automatically records the num¬ 
ber of paces. 

A good pacer will attain results within 1 per cent of the 
true distances; and an inexperienced man, after standardizing 
his pace, will seldom be more than 2 or 3 per cent in error, 
unless some mistake has been made in counting. 

8. Speedometers. The speedometer of an automobile will 
give better results than pacing, provided the route is reason¬ 
ably smooth, as along a road. The nearest tenth of a mile 
may be read on the ordinary speedometer and the nearest 
hundredth of a mile may be estimated. By drawing proper 
lines upon the instrument, the nearest hundredth of a mile 
may be read directly. The precision of this method, when used 
for distances of over a mile, is of the order of 1/2 per cent, or 
1/200. The car should be tested over a known distance, since 
the size of the wheel and tire and the tire pressure affect the 
results. In both pacing and speedometer measurements, it 
must be remembered that the distances obtained are along the 
slope, while the distances required in surveying are horizontal, 
and due allowance should be made for this fact. However, for a 
slope of 8° 07', which is a 14 per cent grade, the horizontal 
distance is only 1 per cent less than the slope distance. 

The speed in miles per hour or feet per minute of a pedes¬ 
trian, a saddle horse, or an automobile were formerly used and 
may prove useful upon occasion, although they are not precise- 

9. Stadia. A more precise method of measuring distances 
by using stadia is described in Chap. IX. It is more expensive 
than the foregoing procedures, but gives results with an error 
of the order of 1 /500, or better, if unusually careful work is done. 
Stadia errors tend to compensate or balance one another, so that 
the result of a series of stadia measurements is more precise 
than 1/500. 

10. Rules. Short wooden or steel folding rules from 2 to 6 
feet long are commonly used by mechanics and occasionally 
by surveyors. Since mechanics generally measure in feet and 
inches and surveyors in feet and decimals of feet, conversion is 
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facilitated by having rules graduated in eighths of inches on 
one side and hundredths of feet on the other. One must care¬ 
fully avoid using the wrong side of such a rule; perhaps the 
sides should be of different colors. 

One-hundredth of a foot is closely equal to one-eighth of 
an inch (error 4 per cent). By the use of this relationship 

and of Table A, inches may be 
approximately converted mentally to 
decimals of a foot, and vice versa. 
For example, 0.72' = 9" - = 

8 y 8 "; or 0.70' = 8" + %" = 8^"; or 
7 = 0.50' + 0.08' + 0.05' = 0.63'; 

or 7 y s " = 0.67' - 0.03' = 0.64'. 

A wider range of more precise 
equivalents may be found in Table 

vm. 

11. Chains. The engineer s chain was divided into 100 parts 
each 1 foot in length and consequently was 100 feet long. The 
surveyor's or Gunter's chain was only 66 feet (called 1 chain) long 
and was composed of 100 links each 0.66 of a foot, or 7.92 
inches, long. Chains were used until the latter part of the 
nineteenth century, and were then abandoned in favor of 
the steel tape described in the following section. They were 
heavy and awkward and they wore not precise. 

While the chain has been abandoned, the word chaining 
persists as applied to the measurement of distances. In refer¬ 
ences to distances measured with a tape, it is preferable, how¬ 
ever, to use the words taping and tapeman instead of chaining 
and chainman . 

The word chain , meaning a distance of 66 feet, is still properly 
used in referring to United States public land survey distances, 
that is, to surveys of sections of land. The United States 
General Land Office, now known as The Bureau of Land 
Management, still records and measures its distances in 66-foot 
chains , 80 chains being one mile and ten square chains being an 
acre. However, the agency uses a modem steel tape, usually 
five or eight chains long, instead of the old-fashioned wire-link 
chain. 


TABLE A 


Feet 

Inches 

0.0104 + 

1/8 

0 0417- 

1/2 

0.0833 + 

1 

0.25 

3 

0.3333 + 

4 

0.50 

6 

0.6667- 

8 

0.75 

9 




10 MEASUREMENT OF DISTANCES [Ch. II 

In old surveys the rod , pole , or perch was frequently used, 
1 chain being equal to 4 rods or 4 poles or 4 perches . 

12. Tapes. Manufacturers of surveying equipment offer 
measuring tapes in various lengths, widths, and weights. Each 
type is designed to serve a particular heed. Those made 
of high-grade tape steel may be had in lengths of from 5 to 
500 feet and in widths of from 1/8 inch to 1/2 inch. Tape 
surfaces may be the ordinary bright steel; steel processed to a 
dark color; or a white, flexible, baked enamel surface with 
black markings. 

Up to 50-foot lengths, tapes are supplied in leather cases. 
Longer tapes may be purchased with or without winding 
reels. 

Graduation marks and numbers are either etched on the 
steel surface or stamped on babbitt-metal bosses. These gradu¬ 
ation marks are in feet and decimals; in feet, inches, and frac¬ 
tions ; or in metric units. 

In surveying practice, the standard tape is 100 feet long with 
graduation marks every foot. Decimals of a foot are provided 
at one or both ends of the tape. The types which seem to be 
most popular are 1/4-inch or 5/16-inch wide, 0.015 to 0.020 
inches thick, and with the 0 mark and the 100-foot mark placed 
about 6 inches in from the ends of the steel ribbon. Plated steel 
or “stainless” steel is desirable. 

Structural engineers, architects, mechanical engineers, and 
mechanics prefer tapes graduated to inches and fractional parts 
of an inch. 

For surveying operations in which a high degree of precision 
is unnecessary, a “metallic” tape is used. This is a waterproofed 
linen tape into which fine wire strands have been woven. 
Metallic tapes are usually 50 feet long with graduation marks 
at every 0.05-foot point. Each tenth is numbered for the entire 
tape. Some have inch and half-inch graduations. 

When the linear measurements of a survey must be made 
with a high degree of precision, Invar or other nickel-steel alloy 
tapes are used. These tapes are of soft metal, kink easily, and 
cost much more than ordinary steel tapes. The combination of 
nickel and steel used in their manufacture results in a product 



Extra foot before 0 subdivided to read backwards 



Flat wire etched tape Courtesy of Kevjfel and Bsser Co 

Fig 12 Tapes 
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which has an extremely low coefficient of thermal expansion. 
Invar tapes should never be wound on a reel less than 18 inches 
in diameter, nor “thrown” into circular form from the “figure 
eight.” In the field they should be carried from point to point 
and not dragged along the ground. 

Reels are provided by the manufacturers and are used quite 
generally for 300-foot and 500-foot tapes. They are seldom 
used for 100-foot tapes because of the ease with which these may 
be carried when done up in a figure eight or in a circle. When a 
reel is not used, the tape is first done up in 5-foot loops, keeping 
the same side of the tape upward, thus causing it to form a 
figure eight. This figure eight may be “thrown” into a smaller 
circle. 

The process is reversed in undoing the tape. Care must 
be exercised in straightening the tape from the figure-eight 
form or it will become badly tangled and probably kinked. 
Once a tape has been kinked, it breaks easily at that point. 
By taking off the loops successively, beginning at the outside 
or top, this diffi' ulty will be avoided. 

13. Horizontal Distances Required in Taping. In surveying 
practice, all the distances, angles, and areas are either measured 
in horizontal and vertical planes or, if measured in inclined 
planes, are reduced by computation to horizontal or vertical 
components. In the determination of linear distances, the 
surveyor may decide to measure the horizontal component 
directly by holding the tape level, or he may choose to measure 
the slope distance and, with either the difference in elevation 
between the ends of the line or the slope angle, to compute the 
horizontal distance. 

If he chooses the second method, the following approxima¬ 
tions give sufficiently accurate results for the average conditions 
encountered in the field. From Fig. 13 approximate practical 
formulas are derived, as follows: 

s 2 — A 2 = F 2 , 

(s - h)(s + A) = F 2 , 
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(13) Correction (to be subtracted from s) 

= Y1 

2s 

For example: 

s = 100 feet, V = 17 feet, s — h = — 


(approximately). 


289 

200 


1.445 feet, 


whereas the true value of s — h is 1.456 feet, an error of about 
0.01 foot. 


* Difference 
in Elevation 

Correction (approximate) 
or s 

Correction (approximate) 

Fig 13. Correction to Horizontal. 



h =honzonta/ (//stance 


If the small acute angle a (in degrees) is known rather than 
the height V, then by using the arc value of the angle, we find 

(13a) V = 0.01 75sa (approximately) 

and formula 13 becomes 

s- h = V - = (00175s*) 2 
2s 2s 


(13b) 

For example: 
s = 100 feet, 


= 0.0001 5sa* 

_ 1 \ sot 1 

10,000 


(approximately). 


= 5°, s — h = (ii»K25) = Q 375 {oQt> 


whereas the true value s — h is 0.381 foot. 


The approximation is less exact for large values of 5 or a, 
but it is frequently satisfactory. The computation is facilitated, 
although the result is less precise, by taking a to the nearest 
degree and s to the nearest 100 feet, one larger and one smaller 
than the true values. 

In Fig. 13a, the versine is used to secure the horizontal 
distance by means of a correction, because the tabular versine 
has fewer digits and consequently is more easily used as a 
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multiplier than is the cosine. Frequently the multiplication 
may be made mentally. If a table of versines is not available, 
the versine may be obtained from a table of cosines, since the 
versine = 1 — cosine. See also Table IV. 



Fig. 13a. Correction to Horizontal. 


It is preferable to measure with the tape lying supported on 
some level surface such as a railroad, a paveme nt, or a sidewalk, 
but such convenient aids are seldom available. In order to 
keep the tape level and to raise it above irregularities of the 
ground, brush, and weeds, it is customary for the head or rear 
tapeman, or both, to hold the end or ends of the tape above 
the ground and to use a plumb bob to transfer the position of 
the end of the tape to the ground. The head tapeman allows the 
plumb bob to hang an inch or so above the ground, and drops 
it to mark the point after smoothing the ground with his foot. 

It is desirable for either the head tapeman or the rear tapeman 
to hold his end on the ground or stake, if possible. Distances are 
taped down hill more effectively than up hill, provided the 
rear tapeman can hold his end on the ground or stake and so 
keep the tape steady. 

14. Breaking Tape. It frequently happens that the ground 
slopes so steeply that the full 100-foot length cannot be held 
level. In such a case (Fig. 14), the rear taneman holds the 
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tape on the ground or as near it as possible, and the head tape- 
man proceeds ahead until, with the tape level, his point on the 
tape is about at the level of his head or as high as he can con¬ 
veniently reach. He plumbs this point, say 40 feet from the 
rear end, to the ground. The rear tapeman proceeds to this 
point and holds the same point of the tape on or near the 



before setting intermediate temporary points. 

Fig. 14. Breaking Tape. 

ground, while the head tapeman moves down the slope until 
he has again reached a point which requires him to hold his 
part of the tape as high as he can conveniently reach. This 
process is repeated for the entire tape length. The procedure 
is called breaking tape and permits measurements to be made 
on sloping ground with the tape held level. It is best first to 
pull the tape out its full length, the rear tapeman actually hold¬ 
ing the same point on the tape that was held by the head tape- 
man, as shown in Fig. 14, rather than to measure a number of 
fractional tape lengths and then to add them arithmetically. 
The process is reversed in taping up hill. 

If taping pins (see page 17) are being used, the head tape- 
man sticks a pin at each fractional tape length to hold the 
point and the rear tapeman gives him a pin to keep the tally 
straight. 

If a plumb bob is not available or requires more time than the 
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required precision of measurement necessitates, a tapmg pm 
or stone may be dropped from the high end of the tape to the 
ground. Sometimes a flag pole may be plumbed or swung ver¬ 
tically at the end of the tape, and its lower end will mark the 
approximate point on the ground. 

15. Lining and Stationing. For long lines, it is desirable that 
the head tapeman be lined in by the transitman. For distances 
under several hundred feet, however, it is entirely possible for 
the rear tapeman to line in the head tapeman, sighting over the 
point already set and the objective point. If the points are con¬ 
siderably different in elevation, or if close alignment is desired, 
the rear tapeman may hold a plumb bob over his point and sight 
past the string. Points thus set may be a few tenths of a foot out 
of line but this will not seriously affect ordinary surveys — in 
fact the errors in distance due to holding the tape out of level 
will far exceed those due to alignment. As an example, holding 
one end of a 100-foot tape 1.4 feet out of line, or out of level, 
causes an error of 0.01 foot in distance. 

In most taping it is customary to record the distances in 
100-foot units called stations, as carried forward from the begin¬ 
ning of the survey, which is customarily called station zero or 
0 + 00. If there is a horizontal angle at some point such as 
1365.4 feet from the beginning of the survey, that point would 
therefore be marked on the stake and in the notes as 13 + 65±. 
Because the decimal point may become obliterated in the notes 
or on the stakes, many engineers record the decimal of a foot 
above a short horizontal line instead of using a decimal point. 
The usual decimal form may be used in the office if desired. 

After taping to the angle point, station 13 + 65 1 , station 
14 is set by the head tapeman, who holds the zero end of the 
tape. On flatter angles and on less precise surveys, the rear 
tapeman may hold the end of the tape on station 13 and allow 
the tape to bend around the angle point, thus avoiding possible 
errors due to holding the wrong graduation on the tape or to 
mistakes in subtraction. 

16. Field Procedure. A steel tape, two plumb bobs, and a 
set of eleven taping pins on a carrying ring are necessary equip¬ 
ment for a taping party. 
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In the measurement of a distance, the head tapeman, carrying 
the zero end of the tape } moves out along the line. The rear tape- 
man holds the hundred-foot point of the tape on station 0 + 00, 
where a single taping pin is left. The other ten pins are in the 
possession of the head tapeman. 

The tape is then pulled taut by the head tapeman, who, in the 
meantime, has been signaled into line by the rear tapeman. 
Both cooperate in seeing that the tape is straight and horizontal 



Fig. 16. Taping. 


throughout its entire length. A taping pin is then set in the 
ground under the zero point of the tape. This pin marks station 
1 + 00. The pins slope at right angles to the line and their in¬ 
tersections with the ground surface are the points used for meas¬ 
urement. 

The tape is then dragged along the ground by the head tape- 
man, moving along the line being measured. The rear tapeman 
moves from station 0 + 00 to station 1+00 and carries with him 
the first taping pin. Upon his arrival at station 1 + 00, he calls 
out “tape,” whereupon the head tapeman stops, is lined in, 
and a second hundred feet of distance is marked on the ground, 
setting station 2 + 00. The rear tapeman then picks up the pin 
at station 1+00 before moving on to station 2 + 00. 

If permanent stakes are to be set on line, instead of taping 
pins, the same procedure is followed, points on the tops of the 
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stakes being marked with a pencil or, if a transit is used to line 
in, tacks are driven. The stakes are labeled 1, 2 and so on. 
Careful checking of the station number by both head and rear 
tapemen is necessary in order to avoid costly mistakes. 

Under no condition should the rear tapeman pull the taping 
pin at his point until the forward pin has been set and checked. 
If stakes are being set, he should take care that the position of 
his stake is not disturbed while the measurement is being taken. 
He should also call out the station number of his point either by 
counting the number of taping pins in his possession or by read¬ 
ing the number marked on his stake. With eleven taping pins to 
the set, a distance of one thousand feet can be measured before a 
transfer of pins from rear tapeman to head tapeman is necessary. 

It is suggested that Fig. 16 be studied carefully. Note the 
positions assumed by both tapemen. They are thus enabled 
to exert a strong , steady pull on the tape and at the same time to 
stay off line. 


17 Stakes. Survey stakes are either cut or split from 
available limbs of trees or from waste lumber, or are secured 
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ready-made from a saw mill or lumber dealer. Various types 
are shown in Fig. 17. Ordinary lath make satisfactory stakes 
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if cut in 16-inch lengths, although they cannot be driven in 
hard ground. They are cheap and easy to obtain, and the full 
4-foot length is useful in setting up sights. When used as 
stakes, they break off readily at the ground, leaving a broken 
end in the ground, where it may be found. If a heavier stake 
is kicked or tramped or otherwise disturbed, it will be knocked 
entirely out of the ground and its position lost. 

The kind of stakes used depends on the purpose and per¬ 
manence of the survey and on relative availability and cost. 
While stakes are usually driven with a light ax or hand ax, the 
bar shown in Fig. 17 is useful where many stakes are to be 
driven, particularly in hard or frozen ground. The stake is 
inserted in a hole which has been made with a stroke of the bar, 
pointed end down. The bar is then reversed and a blow or two 
with the flat head drives the stake home. 

Where stakes cannot be driven, as along a railroad, a paved 
highway, a sidewalk, or the like, the stations may be marked 
thereon with lumber crayon or traffic paint. 

Rough field checks of taped distances may be had by stadia, 
by counting railroad rail lengths, or by pacing. 

18. Measuring Fractional Tape Lengths. It is customary 
for the head tapeman to carry the zero end of the tape and 
for the rear tapeman to allow his end to drag along the ground 
between stations. Tapemen must carefully examine the ends 
of the tape to determine where the end graduations occur, 
since this is not the same on all tapes. Most survey tapes 
have only the foot marks graduated on them, except at one 
or both ends where the end foot is divided into tenths. Some 
tapes have an extra foot, divided into tenths, beyond the zero 
end. Few nfodern tapes are just 100 feet long over all, most 
of them having extra lengths beyond the graduated portion 
on both ends. Unless the type of end graduation is carefully ob¬ 
served, annoying mistakes will occur . 

When it is necessary to measure a distance of less than 
100 feet, say 38.7 feet, the head tapeman first holds the zero 
mark of the tape on the point and the rear tapeman notes that 
the taping pin is between 38 and 39. He also makes an estimate 
of the fraction of a foot. This enables him to “rough check” 
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the exact measurement which is made by the head tapeman. 
The rear tapeman calls “38 plus,” then holds 39 on the pin, 
The tape is pulled taut by the head tapeman and the fractional 
distance between the 0-foot mark on the tape and the point 
on the stake is read, in this case 0.3 foot. The head tapeman 
calls “cut three tenths,” which subtracted from 39 gives 38.7 
feet as the measured distance. Hundredths of a foot, if needed, 
are usually estimated. 

If there is an extra foot graduated to tenths on the zero end 
of the tape, the rear tapeman holds 38 feet and the head tape- 
man reads 0.7 foot on the extra foot beyond the zero end. 

Some distinctive method of calling numbers to one another 
must be adopted by the tapemen, perhaps similar to that used 
by telephone operators, in order to avoid misunderstandings. 
Possibly the best way of calling 1218.06 would be one two one 
eight point oh six. This should bo repeated back to the caller 
in some different manner, for example, twelve plus eighteen 
point zero six. 

19. Slope Taping. Figure 19 shows procedure when taping 
on a slope. The rear end of the tape is held at the end of the 
horizontal axis of the transit when that instrument is being 
used to measure the vertical angle, while the head end may 
be held either above the stake or preferably on it. The 100- 
foot tape is seldom used on the slope but the 300-foot and 500- 
foot tapes are generally so used. The vertical angle along 
the tape or parallel to it is measured with a transit or with a 
clinometer (Fig. 68). One possible plan is to measure these slope 
angles only at alternate tape ends, one angle forward and one 
backward from the same point. In Fig. 19, for example, it 
would be unnecessary to have a clinometer reading at station 
13 + 30, since the forward and backward readings of vertical 
angles could be taken at station 17 + 52.8. 

Measured slope distances are reduced to the'i horizontal 
components by one of the methods of Figs. 13 and 13a, or 
by diagrams or tables prepared from these formulas. The 
methods of formulas 13 and 13b (page 13) give closely approxi¬ 
mate results and can generally be accomplished by mental 
arithmetic or with a slide rule. 
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It occasionally happens that the relative elevations of the 
ends of the tape are known or may easily be obtained or esti¬ 
mated. No transit or clinometer is then necessary and no 
vertical angle is measured. The difference or correction between 
the slope length and the horizontal length is most easily com¬ 
puted, the height between ends being known, according to 
Fig. 13 (page 13). 



Fig. 19. Slope Taping. 

The differences in elevation between the tape ends may be 
desired occasionally for vertical as well as for horizontal dis¬ 
tance. If fairly precise elevations are required or if the vertical 
angles are large, the transit must be used so that more precise 
vertical angles are available. The slope distance is ordinarily 
multiplied by the sine of the vertical angle to get difference in 
elevation. Approximate differences in elevation may be taken 
from tables or diagrams, or they may be computed from 
formula 13a of page 13. 

Slope taping and long tapes have been used in underground 
surveys almost exclusively for many years. They are now 
used to some extent for surface surveys, perhaps more in the 
West than in the East. Under many circumstances their use 
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will m aterially increase the speed and precision of taping and 
minimize mistakes. In rough, open country, the speed and 
precision may be doubled. The Manual of Instructions for the 
Survey of the Public Lands of the United States says: “By a 
skillful use of the long steel tape on the slope, with correct 
determinations of the vertical angle, and proper reductions 
from the slope to the true horizontal distance, the surveyor 
obtains one of the most rapid and reliable methods of measure¬ 
ment.” These methods are used also by the Forest Service, 
the Coast and Geodetic Survey, and the Geological Survey 
of the United States. 

Long tapes cannot be used to advantage where a consider¬ 
able amount of traffic would run over them. Further pro¬ 
cedure is given in Engineering News-Record, December 24, 
1925, page 1024. 

A few long tapes have several extra feet of length graduated 
beyond the normal end graduation. A slope angle is marked 
on each of these extra graduations. For example, when taping 
on a 10° slope, the full tape length horizontally is obtained by 
measuring the greater length to the 10° slope mark. Thus 
no horizontal correction need be computed for full tape lengths. 

A somewhat similar process is occasionally possible when a 
100-foot tape with an extra foot graduated to tenths beyond 
the end is used on the slope to set stakes 100 feet apart hori¬ 
zontally. 

20. Tape Standardization. A tape must be of known and 
definite length. As now manufactured, the better tapes are quite 
precisely graduated and are generally of correct length as nearly 
as ordinary field methods can detect. The 100-foot tapes are 
usually exactly* 100 feet long when supported (as on a floor) 
throughout their length under a 10-pound pull and at 68° F. 
The longer tapes are standardized under the same conditions, 
except that a 20-pound pull is used. The manufacturers some¬ 
times state in their catalogs the conditions under which their 
tapes are precisely true, or they will furnish this information 
on request. For a small fee the United States Bureau of Stand- 

* Strictly speaking, no measuring device is exactly correct. The term as 
here used implies a very high degree of precision. 
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ards in Washington will compare any good tape with their 
standard and certify its length, as shown in Fig. 20. 


m»“ U.S. DEPARTMENT OP COMMERCE 

Washington 

Notional Surratt of Standards 
Certificate 

FOR 

100-root Stool Tape 
NBSNo. 6323 

Maker's Identification Mark 

Keuffel ft Eosor Co. Mo. 200987 

SUBMITTED BY 

Purduo University, 

LaFayette, Indiana. 


This tape has been compared with the standards of the United States. It complies with the specifications 
for a standard tape, and the intervals indicated have the following lengths at 68° Fahrenheit (20° centigrade 
under the conditions given below: 

Supported on a horizontal flat ourface: 

Tension Interval Length 

10 pounds (0 to 100 feet) 99.999 f*«t 

11 1/2 pounds (0 to 100 • ) 100.000 • 


Supported at the 0, 29, 50, 75 and 100-foot points: 

Tension Interval Length 

IS pounds (0 to 100 feet) 100.000 feet 


Supported at the 0 and 100-foot points: 

Tension Interval Length 

36 pounds (0 to 100 feet) 100.000 feet 




Lyman J. 


Test No. II-l/Tv 66684 

Data of ooftpletlon of test: August 3* 1939 


The eompertoone of this taps with tbs United 8Utee Baneb Standard wan made at a tapwstara of 80* Fahrenheit 
and \n rsdudag tq IP Fahrenheit ( 30 * mntigrad*), tbs ootoBdent of exp e n d ™ of the tape to aammsd to be 0.00000046 par 
decree Fahrenheit (0.0000116 per degree eentigrade). tt-me ■ • m—i— iw 

Fig. 20. Tape Standardization Certificate. 

Since a tape is seldom used in the field under the standard 
conditions mentioned above, it is necessary, for precise work, 
to make the corrections outlined in the following sections. 
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21. Temperature Correction. The temperature correction 
depends solely upon the coefficient of expansion of steel, usually 
taken as 0.000 006 45 foot per foot per degree F. 

The following symbols will be used in the formulas of the 
next few sections: 

t , for the standard temperature at which the tape is true 
length, in degrees F, 

t for the temperature of tape during measurement, in de¬ 
gree's F, 

k for the coefficient of expansion of tape per degree F 
(0.000 006 45 for ordinary steel tapes), 

V a for the standard pull or tension at which the tape is true 
length, in pounds, 

V for the pull or tension during measurement, in pounds, 

E for the modulus of elasticity of tape, in pounds per sq. in. 

(usually taken as 28,000,000 for tape steel), 

A for the cross-sectional area of tape, in square inches, 

L for the length of tape between end graduations, in feet, 

W for the total weight of tape between end graduations, in 
pounds. 

(21) Temperature correction (in feet) = Lk(t — t 8 ). 

Example. A 100-foot steel tape is true length at 68° F. What 
is its length at 15° F? 

Temperature correction = (100)(0.000 006 45)(15 — 68) 

= — 0.034 foot, 

Length at 15° = 100.00 - 0.034 = 99.966 feet. 

An approximation that is easily remembered and closely cor¬ 
rect is that each 15° F change in temperature changes the length 
of a 100-foot tape by 0.01 foot. This may be applied mentally 
to all engineering cases involving the expansion of steel as 
well as to tapes and is consequently worth memorizing. 

Second Solution. 

Temperature correction - ~~ ^ (0.01) = — 0.035 foot. 
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/OOfeet*. 
for~PO°f 


IOO feef - 
for +00°f 



It will be noted that neither the pull nor the cross-sectional 
area of the tape affects the temperature correction. It is a 
useful check to recall that heat ex¬ 
pands and cold contracts the tape. 

22. Special Tapes to Avoid Tem¬ 
perature Corrections. Invar and 
other nickel-steel alloy tapes have 
much lower coefficients of expansion* 
than do other steel tapes. 

Figure 22 shows the 99.9-foot point 
of a rarely-used tape with several 
succeeding lines marked for different 
temperatures. If, for example, the 
tape temperature during measure¬ 
ment is 80°, then the true 100-foot 
length is found on the 80° line. Thus 
no computed correction is necessary. 

23. Pull or Tension Correction. 

The change in length due to pull or 
tension depends upon the modulus of 
elasticity of steel (usually taken for 
steel tapes at 28,000,000 pounds per 
square inch), upon the cross-sectional 
area of the tape, and upon the pull. 


39.9 feef 


Fig. 22. 


(23) Pull correction per tape length = -|— 


L(p - p.) 


EA 


Example. A 100-foot tape is its true length when supported 
on a floor under a 10-pound pull. The cross-sectional area 
of the tape is 0.0047 square inch. How much docs its length 
increase under a pull of 20 pounds? 


Pull correction = 


( 100 ) (20 - 10 ) 


(28,000,000) (0.0047) 

= + 0.0076 foot. 

It is difficult to measure the cross-sectional area directly, 

* The coefficient varies with the quantity of nickel in the alloy. Approxi¬ 
mately 36 per cent gives the lowest value of k, 0.0000001 =fc. 



26 


MEASUREMENT OF DISTANCES 


[Ch. II 


and consequently it is better to weigh the tape and compute its 
cross-section from the fact that steel weighs about 490 pounds 
per cubic foot or 0.28 pound per cubic inch. In the preceding 
example, the tape weighed 1.58 pounds per 100 feet, from which 
its cross-sectional area was computed to be 0.0047 square inch. 

If we follow this line of reasoning, substitute for A its equiva¬ 
lent W/3AL and use E = 28,000,000, formula (23) becomes 

_ j) s ) 

t23a) Pull correction per tape length (in feet) = + ( g 200Mo/W * 

On the ordinary 100-foot steel tape weighing a little under two 
pounds , a 16-pound additional pull stretches the tape 0.01 foot . 


24. Sag Correction. The amount which the distance between 
the ends of the tape shortens when the tape is lifted from a floor 
and the middle sags toward the floor is called sag correction. 


(24) Sag correction per tape length (in feet) = 



Example. A tape which is exactly 100 feet long when sup¬ 
ported on a floor under a 10-pound pull is lifted from the floor 
and supported at the ends. The tape weighs 2 pounds. What 
is the corrected length between its ends when so supported? 

Sag correction (in feet) = — (jb) 

= — 0.167 foot, 

Corrected distance = 100.000 — 0.167 = 99.833 feet. 

In formula (241, L is the length of the tape between supports; 
for example, if a 100-foot tape be supported at the ends and in 
the middle, L would be 50 feet, W would be the weight of 50 feet 
of tape, and the total sag correction would be twice that com¬ 
puted with L = 50 feet. 

The largest sag correction ordinarily encountered would 
occur with a heavy tape weighing, say, 10 pounds, 500 feet 
between supports and under a 20-pound pull. By substitution 
in formula (24) we find the sag correction to be 5.2 feet. 

* This closely approximate formula is developed by assuming that the curve 
of the sagged tape is a parabola. It is sufficiently precise for survey work and is 
simpler than the formula based on the catenary. 
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Another way to obtain this correction is to note that the 
sag correction varies as the cube of the length and inversely as 
the square of the pull. The result of the preceding example 
(— 0.167) would then be multiplied by (500/100) 3 (10/20) 2 . 
This checks the value of 5.2 feet. 

Lighter or shorter tapes and heavier pulls will materially 
reduce these corrections. Support of the tape at one or more 
intermediate points will also reduce the correction. 

The foregoing discussion applies when the ends of the tape 
are at the same elevation. When the tape is vertical, the sag 
correction becomes zero. The variation in sag correction for 
different end elevations is given in Mark’s Mechanical Engineers 1 
Handbook. The variation is ordinarily negligible unless the 
difference in end elevations is great. 

A correction similar to the sag correction occurs when the 
wind blows the tape sidewise. It cannot be computed easily; 
hence efforts must be made to avoid such lateral curving of the 
tape. 

25. Normal Tension. If sufficient pull is given the tape 
when it is suspended and sagged, the tape will be slightly 
stretched and the added pull will decrease the sag. At a certain 
pull, known as the normal tension, the suspended tape will 
measure its true length. The formula for normal tension is 
derived by equating formulas (23a) and (24). We may write 

(25) Normal tension = p = (approximately). 

' L(p - p 9 ) 

It is simpler and more satisfactory to determine the normal 
tension by actually stretching the tape suspended above two 
points marked on a pavement at the ends of the tape when it 
was supported throughout its length under standard pull, and 
by noting the pull required to bring it to the true length, than 
it is to use formula (25). It is not practicable to exert a sufficient 
pull or tension, equal to the normal tension, on long or heavy 
tapes; consequently a computed or observed correction must 
be applied to the measurements. 

The normal tension as above computed or observed only 
makes the tape its true length. It does not compensate all of 
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the cumulative errors, and consequently a greater pull should 
be used when a line of many tape lengths is being measured, 
as explained in § 28. 

26. Tape Standards. When precise surveying is in progress 
it is customary to establish two monuments exactly 100 feet 
apart. They may be set in a sheltered hallway, or if set out of 
doors, they must be deep enough in the ground to resist dis¬ 
turbance by frost. Points are established with a tape which 
has been standardized by the United States Bureau of Standards. 
The field tapes are stretched over this set of monuments and 
their lengths may be observed under measured conditions of 
temperature, pull, and support. In this way the computations 
of the several preceding sections of this text may be avoided. 

For less extensive surveys, the field tapes are compared with 
a standardized tape. This tape is seldom or never used in the 
field, jis such usage would be apt to break it or alter its length 
by kinking or bending. 

27. Small Errors. Small errors in taping result from lack of 
skill and fallibility of the observer’s senses. For example 1 , it is 
difficult to judge by eye whether the tape is held level, particu¬ 
larly on sloping ground where the downhill end of the tape is 
generally held too low. Some tapemen use a hand level to avoid 
this error. Should one end of the 100-foot tape be 1.4 feet higher 
or lower than the other end, the tape forms the hypotenuse of a 
right triangle whose horizontal side is 0.01 foot shorter than 
the tape, or 99.99 feet long. A like error of 0.01 of a foot occurs 
when the end of the tape is held 1.4 feet to the right or left of its 
true position. A convenient formula for determining the amount 
of this error due to alignment, either horizontal or vertical, 
is given in Fig. 13. 

If the head end or the rear end of the tape is not held exactly 
over the point on the ground, some slight error is introduced 
The setting of the pin or stake 1 also produces a small error. 

28. Cumulative Errors. Unless the conditions under which 
the work is being done change, small errors will accumulate 
and will not tend to compensate. They arc also called systematic 



§28] 


CUMULATIVE ERRORS 


29 


Taping offers an example of a number of different kinds of 
cumulative errors. Not only do most of these accumulate with 
others of their kind, but also the various kinds tend to accu¬ 
mulate. If the tape is raised above the ground and no correction 
for shortening due to sag is applied, the distance as recorded 
in the notebook is too large. If an improper pull is applied to 
the tape, it is generally less than it should be, and the error 
makes the recorded distance too large. If the tape is not held 
horizontal, the resulting error makes the recorded distance too 
large. If the tape is held out of line, the recorded distance is 
again too large. Each of these cumulative errors, therefore, 
tends to accumulate with others of its kind, and the various 
kinds also tend to accumulate, so that the recorded distances 
are too long. 

There is, fortunately, a field procedure which tends to offset 
these cumulative errors of taping. If a greater pull is applied to 
the tape than that which is theoretically necessary to make it 
exactly its true length, the tape is stretched and some of the 
sag correction is eliminated. Consequently a pull greater 
than that theoretically required tends to make the recorded 
distances too short. Competent head tapemen pull several 
pounds harder on the tape than is theoretically required. 

In the use of tapes longer than 100 feet, it is frequently 
desirable or necessary to calculate the amount of the cumula¬ 
tive errors and to modify the observed distances accordingly, 
preferably before recording them. This is especially necessary 
for heavy tapes which have a large sag correction. 

To summarize, the cumulative errors are eliminated either by 

1. A pull greater than that theoretically required, or 

2. Computing and applying a net correction to care for all 
cumulative errors. 

Temperature corrections are usually cumulative but are 
not included in the foregoing discussion of this section since 
they may make the recorded distances either too long or too 
short, depending on whether the temperature during measure¬ 
ment is below or above that temperature at which the tape 
is true length. 

In all engineering or surveying work, great care should be 
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used to minimize these cumulative or systematic errors as they 
ordinarily exceed those of an accidental or compensating nature, 
such as those described in the following sections. 

29. Compensating Errors. These are also called accidental 
errors and are those which arc as likely to be positive as they 
are to be negative; that is, they tend to balance or to compensate 
one another. For example, in measuring many tape lengths, the 
tape may not be held directly over the stake or pin; one time 
the error will be added, another time subtracted; the errors 
ordinarily will not exactly balance one another but they will 
tend so to balance or compensate. Such errors are further treated 
in the next section. 

30. Mathematical Theory of Probability and Least Squares. 

In treating so-called accidental or compensating errors, it is 
assumed that they are small and that they are as likely to be 
positive as negative. In an infinite number of observations 
(note that in surveying we will have only a small number of 
observations), the mean value would be the true one; that is, 
the accidental errors would exactly balance or compensate 
The smaller the number of observations, the less certainly do 
the errors balance. 

The probable error is defined as an error of such magnitude 
that it is equally probable (we may say that it is an even bet) 
f hat the true error is greater or less than the probable error. 
For example, the mean value of several measurements of a 
line may be 967.23 db 0.05 feet. Here the ± 0.05 foot is the 
probable error; that is, it is equally probable that the true 
error is greater than or less than 0.05 foot; and it is equally 
probable that the true value lies between 967.18 and 967.28, as 
it is that the true value lies outside of these values. 

These theories, fully explained in mathematical works, are 
considerably used in surveying, engineering, and science. It 
is important that engineers understand their applications, 
two cases of w T hich are here given in connection with taping. 
The computation and use of the probable error in ordinary 
engineering and surveying is primarily to give the engineer 
some rough idea of the precision of the work. Since only a 
few repeated measurements are usuallv available and the con- 
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ditions of measurement are not rigidly controlled, the probable 
error as computed is only roughly approximate, not mathe¬ 
matically exact. 

In the first case, assume that a line of 10 tape lengths is 
measured with a 100-foot tape. There is an accidental or 
compensating or approximate probable error of ± 0.02 foot 
each time the tape is laid down, due, let us say, to the tape’s 
being held a little ahead or a little behind its proper position 
We do not know for any particular measurement whether it 
is ahead or behind. According to the theory of probability 
and least squares, the approximate probable error of the total 
1000 feet is equal to the probable error of a single observation 
multiplied by the square root of the number of observations — 
in this case 0.02VTo =± 0.06 foot; and the result would be 
written 1000 ± 0.06 feet. Expressed in words, it is as probable 
that the result is between approximately 999.94 and 1000.06, 
as it is that it lies outside of these limits. Note that the actual 
error may be more than (10) (0.02) = =L 0.20 (if we assume that 
the errors are large and/or cumulative). Or the actual error 
may be zero (provided all of the errors happened exactly to 
compensate). Or the actual error may be anywhere between 
these values. But the probable error is approximately ± 0.06 
foot. 

In the second case, assume that a line 100 feet in length is 
measured ten times with a 100-foot tape; that is, that the line 
is remeasured nine times. Again assume that the approximate 
probable error of each measurement is ± 0.02 foot. Then 
according to the theory of probability and least squares, the 
approximate probable error of the mean of the ten observations 
is the approximate probable error of a single observation 
divided by the square root of the number of observations — 
in this case =fc (0.02/VlO) — db 0.006; and the result would 
be expressed 100 ± 0.006 feet. Or, expressed in words, it is 
as probable that the true value lies between approximately 
99.994 and 100.006 as it is that it lies outside of these limits. 
Note that the actual error may be more than ± 0.02 foot 
(provided that the errors are large and/or cumulative). Or 
the actual error may be zero (assuming that all of the errors 
happened to compensate). Or the actual error may lie any- 
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where between these values. But the approximate probable 
error is db 0.006 foot, which giver? an idea of the precision 
attained. 

31, Determination of Probable Error. In both of the pre¬ 
ceding cases it is assumed that the probable error ior a single 
measurement is 0.02 foot. Sometimes the surveyor or engineer 
knows from experience about what the probable error of a single 
measurement might be. 

The procedure for determining mathematically an approxi¬ 
mate probable error for a series of a small number of measure¬ 
ments, as ten measurements of a 100-foot length, follows. 
The residual V is tlu» difference between the mean and any 
single 4 measurement. Any measurement whose residual V is 
more than five* times the probable error of a single measure¬ 
ment should be omitted from tabulations such as the following. 


Mk\hdkemkn I, IN T'l.KI 

Hkhidual V, in Feet 

V 1 

100.03 

+0.025 

0.000025 

99.99 

-0.015 

0.000225 

99.98 

-0.025 

0.000025 

100.01 

+0.005 

0.000025 

100.02 

+0.015 

0.000225 

100.04 

+0.035 

0.001225 

99.98 

-0.025 

0.000025 

99.90 

-0.045 

0 002025 

99.99 

-0.015 

0.000225 

100.05 

+0.015 

0.002025 

1000.05 

sr=o.ooo 

21' 2 =0.007850 

Mean = 100.005 ±0.000 




The probable error of a single measurement (from the theory 
of least squares) is slightly greater (varying in a complicated 
manner) than _ 

(31) ± 0.6745 Ap^T * =± 0.6745 = o.02 foot. 

*w—l * 9 

* Formula (31) may bo considered as almost exact for 30 or more observa 
tions but increasingly approximate for a smaller numl>er of observations. 

An approximation sufficiently precise 1 for most engineering surveys is that 
the probable error of a single measurement is slightly greater than 

0.845SV 

Vn(n — 1) 


Ola) 
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The probable error of the mean of the series of measurements 
is the approximate probable error of a single measurement 
divided by the square root of the number ofjneasurements; in 
this case, it is slightly greater than ± 0.02/V10, or ± 0.006 foot. 

It must be remembered that the preceding probable errors 
apply only to the accidental or compensating errors such as 
those due to plumbing or sotting the pins. Moreover, many 
measurements are needed, since too few observations give ma¬ 
terially larger probable errors. The cumulative errors due to 
lack of level, lack of alignment, and temperature are not con¬ 
sidered in the preceding treatment. 

32. Precision of Measurements and Computations. Pre¬ 
cision will be emphasized throughout all survey studies and 
operations, as well as in most engineering and scientific obser¬ 
vations and calculations. Precision , as used by the engineer, 
conveys the idea of degree of accuracy. It may be well to 
note here that it is impossible to make any measurement so 
that the observed value will be exactly correct. There will 
always be some error. A line whose true length is 728.74 feet 
may be measured by pacing and found to be 730 feet. Such a 
value should be sufficiently accurate for this method of measure¬ 
ment, that is, free from mistakes; but it would not be a precise 
value. The same line might be measured more carefully by 
stadia and found to be 728 feet. This would also be accurate, 
that is, free from mistakes, and more precise than the former 
value. Or it might be measured by ordinary taping methods 
and found to be 728.7 feet, which is still more precise. By means 
of careful taping methods, the value might be found to be 728.73 
feet. No matter how carefully the value is determined, there 
would always be some error. 

The degree of precision obtained in measurements or calcm 
lations is indicated, although not always exactly expressed, 
by the last digit of the number as written. When the preced¬ 
ing result is written 728.74, it means that the result is correct 
to the nearest 0.01 foot; that is, that the true value* lies between 
728.735 and 728.745. When the value is 730 feet, it means that 
it is correct to the nearest 10 feet; that is, that the true value 
lies between 725 and 735 feet. Likewise, the value 728 feet 
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means that the correct figure lies between 727.5 and 728.5 feet. 
It will be noted that the preceding statements are not strictly 
exact mathematically, but they do represent what is generally 
accepted as good practice. 

In intermediate steps of computations, values are expressed 
to one more digit than are the 1 field data. Final computed results, 
however, should bo expressed to the same degree of precision 
as that of the data on which they are based. 

33. Precision Required in Taping. The 1 essential requirement 
of all surveys is that they shall be sufficiently precise for the 
purpose of the survey. It is, of course, necessary that no error 
be permitted of sufficient magnitude to cause trouble in the 
engineering project or other ultimate purpose of the survey. 
This frequently requires that certain parts of a survey be 
made quite precisely, while other parts may be executed much 
less precisely. 

Sometimes the money available for the survey is limited by 
the immediate value which the results will have. For example, 
where land is worth only a few dollars per acre, the owner 
hesitates to spend much on surveys, and some cheap method 
must be used. The young engineer should endeavor to avoid 
this type of work, since its poor quality will remain against his 
record long after the low price is forgotten. 

It often happens that work of a little more precise character 
than is required for the immediate purpose ol the survey can 
be executed without additional expense, and in such cases the 
better quality of work is advisable. 

Most engineers prefer that precision of surveys should be 
beyond the requirements of the present or even the immediate 
future, but where added expense is involved many employers 
are unwilling to make this additional expenditure. Thus it 
frequently happens that land surveys are made with increasing 
precision as the value of the land continues to increase. 

The Federal Government obtains expensive precision beyond 
immediate needs in most of its survey work, and doubtless 
this is a wise governmental policy. 

At the beginning of a survey it is desirable by study to 
establish the required limits within which the errors of the 
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survey should fall. The work can then be planned to accom¬ 
plish these results with greatest convenience. Minimum cost 
is usually necessary and maximum speed is frequently desirable. 
Speed is best accomplished by planning in advance rather than 
by overworking the men, since the latter frequently results in 
errors and blunders, which delay, rather than speed, the work. 

The so-called metallic tape (waterproofed cloth interwoven 
with wire) or the steel tape used hurriedly by marking the 
points on the ground with a scratcli of the heel, give cheap 
results of low precision. 

For ordinary engineering surveys with a 100-foot tape such 
as would be used for railways, highways, canals, pipe lines, 
transmission lines, and so on, and for the boundaries of moder¬ 
ately priced lands, the tape is held level as determined by eye; 
plumb bobs or flag poles, and stakes or taping pins are used; 
temperature and sag corrections are ignored or roughly esti¬ 
mated; the pull is made somewhat greater than theoretically 
required; and ordinary care is used without undue loss of time. 
Using these methods the errors of measurement will be of the 
order of: 

1/5000 for gently rolling or level country without underbrush, 
1/4000 for gently rolling or level eountry with underbrush, 
1/1500 for abrupt slopes without underbrush, 

1/1000 for abrupt slopes with underbrush. 

Surveys for high-priced city land, bridge piers, tunnels, 
govern mental purposes, and the like require precisions of be¬ 
tween 1/5000 and 1/50,000 or oven more. For these higher 
precisions, it is necessary to determine the tape temperature 
(with a thermometer attached to the tape), to use a spring 
balance at the end of the tape, to set stakes on grade or other¬ 
wise keep the tape level or on a known slope, and generally to 
exercise great care. Heavy stakes are used, upon the top of 
Much are soft metal strips on which the position of the tape 
end is scratched. Frequently light stakes or lath with horizontal 
nails in them are set on line at the quarter or third points of 
the tape to minimize the sag correction, and to prevent sid* 
sag due to wind 
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By careful work in this manner, government engineers attain 
precision better than 1/1,000,000. Few engineers in private 
practice attempt or are capable of any such precision, and it 
is rarely necessary except in government work. When very 
precise measurements are needed, it is advisable to arrange for 
a specialized organization, such as the United States Coast and 
Geodetic Survey, to furnish personnel, equipment, and methods. 

34. Importance of Good Taping. The importance of good 
taping cannot be overestimated. Any careful man can avoid 
blunders, but the elimination of the smaller errors requires 
some little knowledge and considerable skill. It is easier to 
do good instrument work, because of the excellence of the 
instruments, than it is to do good taping. 

The best tapemen, particularly bead tapemen, are frequently 
developed from active young laborers or handy men who 
make this their vocation. College men are apt to be promoted 
beyond this grade before they develop a good technique, al¬ 
though their understanding of the theory and purpose of the 
survey to some extent offsets this lack of manual skill. It is 
of greatest importance that the college man understand the 
theory and technique so that he can instruct his tapemen, since 
he usually has to break in green men for the work. The precision 
of a tape survey and the speed with which it progresses are 
dependent largely upon the head tapeman. He should be of the 
physically active type and capable of being held responsible 
for proper procedure. 

Because of the many opportunities for error, the only way 
to insure correct taping is to develop as nearly a perfect system 
of checks as is possible. Such systems will vary according to 
circumstances. One example is the closing of traverses, as 
discussed in Chapter XVII. 

35. Measurement of Angles with Tape. It is occasionally 
useful to measure or to lay out angles with a tape; this may 
be accomplished by the application of simple geometric and 
trigonometric principles. While the transit is far superior to 
the tape for measuring all ordinary angles, yet very small angles 
are more conveniently and precisely measured with the tape, 
as described in § 95. 
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In Fig. 35, a right triangle is formed if the sides are propor 
tioncd as 3 : 4 : 5. For example, 30 : 40 : 50 or 9 : 12 : 15. 

In Fig. 35a, AB = BC and radius AD = radius CD y which 
gives a right angle at B. 



Fig. 35. Fig. 35a. Fig. 35b. 


In Fig. 35b, radius AD = radius CD and radius AE = radius 
CE , which gives a right angle at B. It is usually convenient 
to have all 4 radii equal. 

In Fig. 35c, with a radius cf 57.3 feet and an arc of 57.3 feet 
we have an angle of 57.3° or 1 radian at the center of the circle. 
Each foot of arc then evidently subtends 1° at the center of 
the circle and angles may be laid off or measured by the number 



of feet of arc. For example, 6.3 feet of arc laid out with a 
57.3 foot radius subtends 6.3° or 6° 18'. While all other methods 
of laying off or measuring angles with a tape require trigo¬ 
nometric tables, this procedure eliminates their necessity. The 
arc is measured by setting pins or pegs and stretching the tape 
around them. A 5.7-inch radius is used on drawings. 

Estimates of arcs may be made by this principle; for example, 
a 10° angle at the center of a circle of 600-foot radius subtends 
an arc of (10) (600/57.3) = 105 feet. Or we may estimate 
that a 10° angle will move a point 600 feet away, a distance of 
105 feet laterally. 



38 


MEASUREMENT OF DISTANCES 


[Ch. II 


The quantity 5729.6 feet is used in curve work as explained 
in §204. This value (more precisely 5729.578) divided by 
100 gives the number of degrees in a radian. It is computed 
by dividing 360 by 27r. Because of its general use, it is worth 
memorising, at least to the value 5730 or 57.3. 

In Fig. 35d, to measure the angle A , lay off 100 feet on each 
line and measure the chord C ; then we have 



Find C/2 and move the decimal point two places to the left. 
This result is the natural sine of A /2. 

In Fig. 35e, to lay off the angle at A, 
measure 100 feet and erect the perpen¬ 
dicular a. Look up the 
natural tangent of A and 
move the decimal point two 
places to the right. This 
gives a, which is then measured on the ground. 

In Fig. 35f, any oblique triangle may be solved 
when at least three of its parts (either angles or 
sides) are known. Formulas for the solution of 

Fig. 35f. such triangles are given in Table IX in the back 

of this book. 

All of the methods of Figs. 35 to 35f inclusive may be used 
in drafting as well as in surveying. 

PROBLEMS 

1. (a) A lino was measured with a steel tape and recorded as 1213.16 

feet; the tenqxjrature reading was 98° F. Later the tape was found to be 
exactly 100 feet long at 68° F. What is the true length of the line? This 
tyjie of question requires clear, not hazy, reasoning. It is frequently 
answered incorrectly. Hint. What was the true length of the tape at 98° 
and how many times was it laid down? A ns. 1213.40 feet 

(b) The same as (a) except that the length was recorded as 847.63 feet 
at 8° F. 

(e) The same as (a) except that the length was recorded as 1808.32 feet 
at 38° F. 

2. (a) An old 50-foot metallic tape is used in setting corners for a 

building foundation. This tape is known to be 50.04 feet long. The founda¬ 
tion is to be 32 feet by 48 feet. If this tape is used, what measurements 
must we make? Ana. 31.97' and 47.96' 
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(b) The same as (a) for a foundation 64 feet by 100 feet. 

(c) The same as (a) for a foundation 45 feet by 108 feet. 

3. (a) A 100-foot steel tape weighs 2.105 pounds. If steel weighs 

490 pounds per cubic foot, what is the cross-sectional area of the tape in 
square inches? Ans. 0.0062 sq. in. 

(b) The same as (a) except that the weight is 1.70 pounds. 

(c) The same as (a) except that the weight is 1 pound 2 ounces. 

4 . (a) A Bureau of Standards Certificate states that a 2-pound steel 
tape is 100.000 feet long when supported throughout its length under a 
standard pull of 10 pounds. A line measured with this tape, but using a 
15-pound pull, is recorded as 1832.72 feet. What is the true length of the 
line if the tape was supported during the measurement? 

Ans. 1832.78 feet 

(b) The same as (a) except for a 20-pound pull. 

(c) The same as (a) except for a 25 -pound pull. 

5. (a) A line is measured with a 6-pound steel tape which is exactly 

;SOO feed long when supported throughout its length under a 20rpound pull. 
During measurement the tape is swung off the ground and supported at 
the ends only with the same pull, and the distance is recorded as 3316.43 
feet. What is the true length? Ans. 3304.05 feet 

(b) The same as (a) except that a 10-pound tape is exactly 500 feet long 
when supported, and the recorded distance is 1963.71 feet. 

(c) The same as (a) except that a 5-pound tape is exactly 500 feet long 
w'hen supported and the recorded distance is 4317.86 feet. 

6. (a) The following slope distances are measured with a 300-foot steel 

tape: 300 feet on a 7° slope; 286.3 feet on a l.V slope; 247.6 feet on a 2 1 '2° 
.dope*. What is the total horizontal distance? Use the approximate formula 
when it will give results to the nearest 0.1 foot. Ans. 821.7 feet 

(b) The same as (a) except that a 100-foot tape is used: 100 feet on a 2° 
slope; 97.6 feet on a 1034° slope; and 48.7 feet on a 203 / 2 ° slojie. 

(c) The same as (a) except that a 500-foot tape is used: 500 feet on a 3° 
slope; 478.6 feet on a 10° slope; and 413.6 feet on a 2034° slope. 

7. The same as 6 except that the differences in elevation of the ends of 
the taj>e are given rather than the vertical angles: 

(a) 30 feet; 100 feet; 6.5 feet. Ans. 814.3 feet- 

(b) 3 feet; 30 feet; 9.3 feet. 

(c) 25 feet; 70 feet; 121 feet. 

8 . (a) The average rate of grade on IT. S. 40 between Uniontown, Pa. 

and the Summit Hotel is 4.56 per cent. An automobile speedometer read¬ 
ing between the tw r o places is 6.03 miles. What is the horizontal distance 
traveled? Ans. 6.02 miles 

(b) The same as (a), but take the average grade to be 6.09 per cent. 

(c) The same as (a), but take the average grade to be 2.32 per cent. 

9. (a) A line is recorded as 1653.72 feet long. It is measured with a 
1? 2 -pound tape w hich is 100.013 feet long at 68° F under a 10-pound pull, 
supported throughout its length. During measurement the temperature 
is 38° F and the tape is suspended under a 15-pound pull. The line is 
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measured on a 5 per cent grade (5-foot rise vertically for every 100 feet 
horizontally). What is the true horizontal distance? Hint. Compute 
the true horizontal distance secured each time the tape is laid down, con¬ 
ndering all of the corrections. Ans. 1650.93 feet 

(b) The same as (a) except that the length is recorded as 2286.43 feet 
and is measured with a 20-pound pull, tape suspended, temperature 8° I 1 , 
grade 10 f>er cent. 

(c) The same as (a) except that the length is recorded as 3179.84 feet, 
and is measured with a 17-pound pull, tape suspended, temperature 98° F, 
slope 5° (not jier cent). 

10 . (a) The head end of a 100-foot tape is held 1 2 foot off true line, first 
to the right and then to the left, and one foot out of level, first above and 
then below the rear end. The line is recorded as 2373.82 feet long. Is the 
error compensating or cumulative? What is the true length? 

Ans. Cumulative; 2373.67 feet 

(b) The 6ame as (a) except 1 foot out of line and 2 feet out of level. 

(c) The same as (a) except 2 feet out of line and 3 feet out of level. 

11 . (a) In a 1600-foot line, assume that an accidental or compensating 
probable error of ± 0.02 foot occurs at each 100-foot point due to swinging 
of the plumb bob. What is the total probable erroi from this source? 

Ans. db 0.08 foot 

(b) The same as (a) except with a ± 0.03 foot probable evi or. 

(c) The same as (a) except with a ± 0.04 foot probable "rror. 

12. (a) The angle between two intersecting fences was determined 

with a tajie. A point on each fence line was established 100 feet from the 
fence corner. The distance between these established points was found 
to be 127.62 feet. What was the angle between the two fence lines? If the 
points had been set at 57.3 feet radius instead of at 100 feet, what would 
have been the arc distance between them? Ans. 79° 18', 79.3 feet 

(b) The same as (a) except that the distance was found to be 167.35 feet. 

(c) The same as (a) except that the distance was found to be 105.83 feet. 

13 . (a) A deed for a certain tract of land calls for a rectangular area 

38 chains 13.3 links by 49 chains 86.7 links. How many acres are there in 
the tract? Ans. 190.16 Ac. 

(b) The same as (a) except that the area is 28.75 chains by 53.25 chains. 

(c) The same as (a) except that the area is 74 chains 28.0 links bj 
33 chains 54.5 links. 

14 . (a) Write a brief set of instructions for taping a railway location 
survey with stakes every 100 feet. The line runs across drainage, through 
second growth timber and underbrush, and a large part of it is on slopes up 
to 20 per cent. The permissible error is of the order of 1/5000. 

(b) Write similar instructions for a transmission line location across 
open mountainous country with many draws*and canyons. Stakes may 
be as much as 300 feet apart. The permissible error is of the order of 1/200U. 

(c) Write similar instructions for city lot surveys, using taping pins. 
The jiermissible error is of the order of 1/10,000. 



CHAPTER III 

FIELD NOTES 

36. Functions of Field Notes. Notes taken in the field are 
usually worked over in the office into some more advanced form 
of presentation, such as a map, a report, or a computation. 
The notes are then always kept for reference, since not all of 
the field information is ordinarily prepared on the more ad¬ 
vanced form. In the event of litigation or of important reference, 
the original field notes are of primary importance, and are much 
more valuable than any copied or transferred data. 

The notes must be completely and finally recorded in the 
notebook as the survey progresses, and not kept on scraps of 
paper and later copied into the book. In many engineering 
surveys the notes are used by an office man who is not familiar 
with conditions on the ground, hence the essential qualities of 
field notes are clearness and completeness. Even where the 
field man works up his own notes, it is possible that others will 
refer to them later. For these reasons, and for workmanlike 
appearance as well as for creating confidence in the work, notes 
must be neat and systematically arranged. They must be 
recorded in the conventional and generally used form, and 
not according to individual whim. 

37. Technique of Note Keeping. A rather hard, sharply 
pointed pencil of about 4H grade is so used as slightly to indent 
the paper and to avoid smears. Should the notes be rubbed or 
wetted by rain or perspiration, they may generally be deciphered 
through the indentation of the paper. Ink is not used because 
it smears and may become obliterated from dampness. One 
exception is to be noted: entries made in the office are best 
written in red ink. 

If changes are necessary in the notes, they are crossed out 
rather than erased, and the new material is inserted adjacent 
to the crossed-out material. This is a frank admission of error, 
while an erasure causes suspicion that dishonest alteration has 
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occurred. It is sometimes desirable, particularly with a novice, 
to cross out and mark abandoned an entire page or more of notes 
and to refer on that page to the other page upon which the 
correct notes are to be found. 

It is-best not to crowd the notes, since paper is cheaper than 
labor or a possible misinterpretation. Frequently complete 
notes only require a few lines, and these few should be spread 
liberally over a large portion of the page rather than crowded 
towards the top or bottom. 

The title of a survey is placed at the top of one or both 
pages. The names and duties of the party, the date, weather, 
and instrument used should be recorded on the upper part 
of the right-hand page. When a survey extends through several 
pages of notes or through several days, it is only necessary to 
record variations from these data on succeeding pages. 

The notes must be complete, with nothing left to memory. 
It is better to include a few unnecessary measurements than 
to omit a needed one, since such omission involves delay and 
perhaps the expense of an entire party. 

The notes should show the precision which was actually 
obtained in the field, neither more nor less. In recording 
distances to the nearest 0.01 foot, for example, the notes should 
read 734.00 feet rather than 734 feet. An angle of 18° 00', 
correct to the nearest minute, should be so recorded rather 
than as 18°. 

Such a number as 0.6 should be so recorded rather than . 6 , as 
the zero before the decimal point will serve to indicate its position 
even though the point is obliterated. Or the tenths and hun¬ 
dredths may be reconk'd over a line, as mentioned on page 15. 

Two minor illogical exceptions are to be noted in current 
practice. Compass readings to the nearest 1/4° are usually 
recorded as N 68 ° 45' E instead of N 68 ? 4 ° E. Angles precise 
to the nearest 1/2' are recorded 113° 28'30" instead of 113° 
28 1 ‘/. Perhaps the more logical N 68 ?^° E and 113° 28j^' 
will be increasingly used in the future. 

38. Types of Notes. Where the survey is of a repetitive 
nature, as for example in most leveling, it is best to tabulate 
the work. When made in the conventional form, such a tabula- 
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tion will convey the required information in a simple and 
definite manner. In other types of surveys, the data may be 
of such varying character that they cannot be advantageously 
tabulated, but must be shown on a sketch or sketches. Such 
sketches are made large to avoid crowding of figures and are 
preferably drawn roughly to scale, not with a scale but pro¬ 
portioned by eye. Occasionally sketches are clearer if not 
made to scale, that is, if some important feature is exaggerated. 
The matter of clearness sht uUi govern. A small thin celluloid 
scale or triangle is useful in ruling lines. It is often desirable 
to make the sketch before' the field measurements are taken. 
If some part of the sketch becomes crowded, it is best to repeat 
part or all of the sketch on a larger scale on the same page or 
on some other page. 

Sketches are made on the right-hand page of the notebook or 
oil one-tenth inch cross-section paper, larger than the usual field 
book. Such paper is available in pads, in books, or in single 
sheets and may be thumb-tacked to a sketching board. Notes 
are rarely recorded in narrative form, as in § 181. 

The most common form of notes is that in which the tabula¬ 
tion occupies the left-hand page and a sketch is made on the 
right-hand page; this sketch adds data which do not readily 
lend themselves to tabulation and repeats as much of the 
tabulated data as may seem necessary. Examples are given as 
Figs. 96a, 99, and 204a in §§ 96, 99, and 204, respectively. 
Occasional explanatory notes may be necessary to supplement 
the tabulation and sketch. 

The examples of notes given throughout this book have 
received general approval, but must be modified to meet 
special conditions. 

Loose-leaf books are available but are not generally used, 
since the sheets are easily lost or improperly altered, and sine* 
a temptation exists to make poor field notes to be copied later, 
when the original notes are then destroyed. This is a bad 
practice. Loose-leaf note sheets should be numbered consecu¬ 
tively to avoid misplacement. Occasionally they are duplicated 
by carbon copy or by photostat to insure against loss and to 
make them available in the field and to one or more office 
men at the same time. 
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39. Index. The first few pages of the notebook must be 
filled in as an index as the work progresses (Fig. 39). It is 
sufficient to number each double page only at the upper left- 
hand comer of the left-hand page. Notes should be directly 



Fig 39. Field Notebook Index. 


cross-referenced between pages, when possible. If many note¬ 
books are kept, a book index or a card index should be pre¬ 
pared. It may be arranged according to the type of survey 
operation, as levels, triangulation, transit traverse, and so on; 
by geographical location of survey, as by section, county, or 
town; by the name of the man in charge of the party; by the 
name of the individual or company for whom the survey was 
made; or by some combination or cross reference of these 
Notebooks often contain information of considerable value 
and they should be protected against loss, if possible in fireproof 
vaults. It sometimes pays to copy the notes, preferably by 
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photostat, both to insure against loss and to facilitate their 
use. Some engineers who use loose-leaf books make a carbon 
copy in the field, but the practice is not general. 


40 . Lettering and Symbols. It is the best practice to letter 
the notebooks in the prevailing style of rapid engineering 
lettering, usually the Reinhardt or a similar type. A good size 
for the capitals and figures is from 1/10" to 3/20" in height with 
the lower case letters in proportion. Slant letters are more 
easily and more rapidly made. Some individuality in lettering 
is permissible, providing clearness is not sacrificed. 

Some common symbols and abbreviations are: 


Transit point 

o 

Triangulation point 

A 

Center line 

i , 

Section corner 

— 9I1TT orsec ' 

One-quarter section corner 

Y\ sec. cor. 

Stake 

Stk. 

Tack 

Tk. 

Crow-foot, a mark made thus 

-> or c.f. 

Bench mark 

B.M. 

Turning point 

T.P. 

Foresight 

F.S. or - 

Backsight 

B.S. or + 

Height of instrument 

H.I. or A 


41. Notekeeper. The notekeeper holds one of the more im¬ 
portant positions of a survey party, usually ranking with that 
of instrument man. Before leaving the field, the notekeeper 
must carefully examine his notes for errors and omissions in 
the survey. Since the notekeeper has the sketch before him 
and has more time, it is proper that he should be responsible 
for errors and omissions. The instrument man has little time 
for notekeeping, since he is busy with instrumental manipula¬ 
tion and is responsible for the progress of the survey. 

While it is undesirable to crowd the notes with useless in¬ 
formation, the notekeeper should err on the side of too much, 
rather than too little, information. He should endeavor to 
criticize his notes from the viewpoint of the man who will 
use them, and to keep them accordingly. 

The student should strive to improve each set of notes over 
the preceding one. He should avail himself of this oppor- 
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tunity to develop note-keeping technique, since it will greatly 
help him not only in surveying but also in other engineering 
work, such as recording experiments and tests as well as in 
sketching and in the preparation of memoranda used in ex¬ 
ecutive duties. Poor habits acquired during the formative 
years in college are difficult to break in later practice. In th«, 
earlier years of engineering practice the poor-habit man spends 
considerable time and effort in correcting his faults while the 
competing good-habit man has his mind, time, and energy free 
for more productive work, which results in more rapid advance¬ 
ment. 

Original field notes must not be altered to make them check, 
or for any other than honest and scientific reasons. Erasures 
must not be made , but faulty work should be crossed out and 
the correcting entries made directly adjacent. It is best practice 
to use red ink for any additions to the notes which are made 
in the office. 


PROBLEM 

Some technique in notekeeping should be developed before going into 
the field, where the attention and energy are occupied with the dettils cf 
field work. Copy typical portions of field notes from this book or othei 
sources, following the suggestions made in this chapter and endeavoring tc 
improve on the originals, if possible. 
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COMPASS SURVEYING 

42. Types of Compasses. The somewhat elaborate surveyor’s 
compass was used extensively before the introduction of the 
engineer’s transit during the middle of the nineteenth century. 
Since the transit is now used for precise determination of direc¬ 
tion, a less elaborate compass (the Forest Service Compass , 
Fig. 42) suffices for those relatively rare cases where a compass 
is necessary. 

Figure 42 also shows a smaller and less precise compass which 
is used for rough determination of direction. The Brunton 
Pocket Transit is perhaps the best of the smaller instruments, 
and it may be used also in measuring approximately vertical 
angle's. All of these types of compass have vertical slits for 
sighting instead of a telescope, such as is used in most modern 
surveying instruments. The compass most used by the engineer 
is that which forms a part of the 1 engineer’s transit, described 
later. 

Figure 42a shows an approximate method of determining 
South with a watch. 

43. Magnetic Declination. The needle of the compass does 
not usually point true north. The angle between the needle 
and a true meridian (a true north and south line) at any par¬ 
ticular locality is called the magnetic declination; cast declina¬ 
tion if the north end of the needle is east of true north, and 
west declination if the north end of the needle is west of true 
north. 

The United States Coast and Geodetic Survey publishes a 
pamphlet and map of the United States (Fig. 43) and also 
separate pamphlets and maps for many of the states, giving the 
magnetic declination for various points on a particular date. 
By examining the original larger scale maps, especially the 
rftate maps, many minor changes become apparent which are 
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not shown on the smaller scale map reproduced here. None of 
these maps can give the declination for all points as closely as 
it can be determined by comparing the needle with a true 
meridian which has been established astronomically. 




Courtesy of Keuffel and Esser Co. 

Forest Service Compass. 

Fig. 42. Modern Compasses. 
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The zero line on Fig. 43, called the agonic line , is that line 
dong which at any point the needle points true north. East 
of this line the needle has a west declination and west of the 
line it has an east declination, of amounts shown by the various 
tsogonic (equal declination) lines on the maps. 

Charts similar to Fig. 43 are compiled from many observa¬ 
tions made by the United States Coast and Geodetic Survey, 
in which a large and sensitive compass needle was compaied 
with many astronomically established true meridians. Such 



charts may be obtained from the Superintendent of Documents, 
Government Printing Office, Washington, D. C. A pamphlet 
entitled Principal Facts of the Earth's Magnetism , available 
from the same source, i* a general treatment of the subject. 

The values of declination taken from the government charts 
are thought to be within 15 minutes of correct values for more 
than half of the territory which they cover. Occasionally, how¬ 
ever, a difference of a degree or more may be found. 

Closely correct values can be found only by comparing the 
needle with an astronomically established true meridian. Such 
a meridian may be established by the methods of Chapter VIII, 
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or the cl )sely correct bearing of some line may be secured from 
previous surveys which were astronomically controlled. The 
United States Geological Survey will furnish true bearings or 
azimuths of lines in the vicinity desired, and they may also be 
obtained from many local governmental surveys or from pri¬ 
vate corporations. 

44. Variation of Declination. In a particular locality, the 
declination varies slightly from year to year (from 0 to 5 minutes 
annually in various parts of the United States). These annual 
changes an* shown by the dashed lines which run easterly and 
westerly on isogonic maps. Tin* exact character of this secular 
variation in declination is not definitely known but is thought 
to be periodic. 11 amounts to several degrees in 150 years. 
Because of this considerable variation over a period of years, it 
is necessary to know the declination when an old compass 
survey was made (if it was referred to the* magnetic meridian)* 
as well as to know the present declination. 

The daily, or diurnal , variation varies several minutes (in 
the United States) from the mean throughout 24 hours and is 
periodic in character, the extreme eastern position of the needle 
occurring at about 8 a.m. and tin* extreme western pointing at 
about I i'.m. This is not sufficient in the United States to be 
discernible on the compasses used in surveys. 

Annual and lunar variations are loss than one minute and 
may therefore bo neglected. 

There are also irregular compass variations which cannot be 
predicted. Those occasionally amount to nearly a degree, ('spe¬ 
cially in northern latitudes. They occur during magnetic storms, 
sun spots, and displays of Aurora Borealis. 

Local attraction of the needle is discussed in § 51. 

45. Setting Off the Declination. Many compasses, particu¬ 
larly those on transits, are so arranged that the circle* on which 
the degrees arc* graduated may be rotated with reference to the 
line of sight through the amount of the magnetic declination 
for the locality in which the instrument is being used. In this 
manner it is possible to adjust the compass so that needle* read¬ 
ings on the compass circle may be read directly from true north 
and south rather than from magnetic north and south. 
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In Fig. 45, tho magnetic declination has not been set off. 
The hne of sight is pointing true north. Since the magnetic 
declination in this locality is 8° 10' E (the needle pointing east 
of north by that amount) the needle reads N 8° 10' W on the 
plate. This is the magnetic bearing, or the bearing from mag¬ 
netic north, of the line of sight. 

In Fig. 45a, the magnetic declination of 8° 10' has been set off 
by rotating the circle on which the graduations occur through 



Fkj. 45. Declination Fkj. 45a. Declination 

Not Sei Off. Svt Off. 


an angle of 8° 10' with icforenee to the line of sight. The sights 
are still pointing due north and the needle is still pointing 
8° 10' east of north but the needle now reads 0° 00', which is 
the bearing of the line of sight reckoned from true north. It is 
♦ hi.- bearing, reckoned from true north, that is usually desired. 
Mos< modern compasses or transits are provided with a means 
of thus setting off the declination. 

A needle reading, therefore, may refer to either true or mag¬ 
netic north and south, depending upon whether the declination 
has been sec off on the instrument. It is most desirable that the 
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declination he set off on the compass or transit and that bear¬ 
ings from the true meridian he read and recorded. This should 
be done whenever the instrument is so constructed as to per¬ 
mit it. 

A bearing which is read by means of a needle is properly 
called a needh Trading or observed bearing to distinguish it from 
one which has been calculated from an astronomic meridian and 
measured angles and which is called a caleulated bearing. 

46. Precision of the Needle. Precise work should not be 
attempted with a compass, as it is not an instrument of pre¬ 
cision. Under ordinary favorable conditions, a good compass 
needle should give bearings within 15 minutes of correct values, 
although such precision is not assured. 

47. Dip of the Needle. In the northern hemisphere, the 
north end of the needle dips downward when freely supported 
at its center of gravity. A movable wire counterweight is 
slipped over the south end of the* needle, and this also dis¬ 
tinguishes the south end of the needle. 

48. Bearings of Lines. The bearing or course of a line, a 
term used in navigation and surveying, is the angle which that 

// >v 




The orty/naZ/fne 7 ?tc 3omc //nc, siotatccf 

cJoctwfcc 

Fig 48. Bearings. 

line makes with a meridian. The bearing of any line cannot 
exceed ninety degrees. A line running almost due cast might 
have a bearing of N 89° E, read “North 89 degrees East,” as 
in Fig. 48. Ixxiking in the opposite direction on the same lino 
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the bearing would be S 89° W. If this same lino were rotated 
three degrees in a clockwise direction, its bearing would become 
> 88° E, not N 92° E, and looking along the line in the opposite 
direction its bearing would be N 88° W. 

Bearings may be measured and described either from mag- 
tu tic north and south, that is from the direction in which the 
needle points, in which cast' they are called magnetic hearings; 
or they may be measured and described from a true astronomic 
meridian (true north and south), in which case they are called 
trm bearings. The bearings of a given line as expressed under 
the two systems will differ by tlu 1 amount of the magnetic dec¬ 
imation of that date and locality. 


49. Obtaining a Compass Bearing. The telescope or peep 
fright or vertical slit is sighted along the line whose bearing is 



Fir,. 49. Declination Fkj. 49a. Declination 

Not Set Off. Set Off. 


to be determined and the position of the end of the needle on 
the graduated circle is read, as in Fig. 49. The compass must 
be level, so that the needle swings freely. The larger compasses 
have level bubbles for this purpose. The smaller compasses are 
held in the hand while the larger ones are supported on a light 
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tripod or on a single leg called a Jacob’s staff , having some 
device such as a ball-and-socket joint provided for leveling. 

The north end of the needle should be read in all cases where 
the instrument is used in normal position, that is, with the 
north end of the compass box, or graduated circle, towards 
the object and away from the observer. If for some reason a 
transit is sighted with the telescope upside down, or if any 
compass is sighted backwards, then the south end of the 
needle should be read; otherwise a reverse bearing is secured. 
The safest procedure is always to point the north nut of 
the compass box towards the object and to read the north end of the 
needle. 

Figure 1 49a shows the sights or telescope pointing along a line 
whos' true bearing is N 28° 10 and tin* needle reads N 28° E on 
the compass circle, since* the* de*clination has bee*n set off , that 
is, the line of sight has been turned with reference to the cemi- 
piiss cire'le, through a declination e)f 8° 10'. 

It will be* note*el that the* letters 10 and W are interchange*el 
on the plates from the*ir true* relative positions, se> that the* 28° 
which is re*ael at the north end of the ne*e*elle will lie betwee*n the 
N and K points on the* plate*. A careful consideration of the* 
pre>e*edure e>f sighting the eennpass and reading the bearing will 
she>w the necessity of this interchange 4 . It is well fe>r the begin¬ 
ner. whe*n muling bearings e>n the* compass, to chock this method 
of using the NESW letters on the* compass plates, by roughly 
noting the position of the line of sight with reference* te> the 
neH*elle. lie will thus assure 


himse*lf that he has re*ad the 
bearing in its prnper ejuad- 
rant, NE, NW, SE, or S\V. 

50. Calculation of Angles 
from Bearings and Vice Versa, w 

Given: Two lines with 



£ 


be*arings as shown in Fig. 50. 


Reqvikko: The angle be¬ 


tween the line's. (Two angles 

are formed; the smaller is to 5 


be computed.) 


Fig. 50. 
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Solution: Draw a sketch, as in Fig. 50. The angles 47° 18' 
mJ 21° 43' are given. 

00° 00' 42° 42' 

47° 18' 90° 00' 

42° 42' 21 

Required angle = 153° 85' = 154° 25'. 


Given: A line bearing N 57 43' E making an angle (meas¬ 
ured clockwise) of 92° 27' with another line. 

Required: The bearing of th'» second line. 


/Y 



3 

Fig. 50a. 


Solution: Draw a sketch, 
as in Fig. 50a. The angle 
57° 43' is given. 

57° 43' 180° - 178° 120' 

92° 27' 149° 70' 

149° 70' 29° 50' 

which gives the required bear¬ 
ing as S 29° 50' E. 

It is essential for the novice 
to make such simple sketches 
in calculations of this nature. 


51. Local Attraction. The magnetic needle is attracted from 
its normal pointing towards magnetic north by local influences 
such as the proximity of steel, iron, magnetic ores, and direct 
(not alternating) electric current. While such influences seldom 
occur near enough to the compass to affect it, except in cities, 
yet they may occur at any time and may deflect the needle 
cveral degrees. The compassman must remove from his per¬ 
son, particularly the upper part of his body, any steel, such as 
knife, keys, etc. 

If magnetic bearings are taken at two or more points along 
die same straight line, they will agree, provided there is no 
local attraction. For assurance that none exists, it is therefore 
necessary to take at least two magnetic bearings on the same* 
straight line, usually at its ends. If they are in agreement there 
is no local attraction except in the unusual event that the same 
local attraction exists at both ends of the line. 
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In Fig. 51 there is no local attraction at B or C since the 
two noodle readings for the line BC are the same. N 45° 10' E 
and 8 66° 40' W are then correct needle readings since they are 
read from C and B respectively, at which points there is no 
local attraction. 

By using the two needle readings taken at D, it is possible 
to compute the true angle at D , e\en though local attraction 



which pulls the needle from its true position may exist at this 
point. From the correct needle reading or magnetic bearing 
N 45° 10' K of CD and the correct angle at D , it is possible to 
compute the correct magnetic bearing of DE (N 11° 30' W), 
and so on. 

It will be noticed that local attraction at a particular point 
may be constant, or may vary with varying magnetic influences. 
It is of course only constant local attraction w T hieh may be 
detected and eliminated as just explained. There is no way 
to eliminate the effects of varying local attraction , such as an 
intermittent direct-current electrical circuit, or such as an auto- 
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mobile which has been moved near a compass, except to avoid 
it. Fortunately, such intermittent effects are rarely encountered. 

52. Common Errors. When the standard precaution of read¬ 
ing the bearing twice on each line is observed, usually at the 
ends of the line, there should be few errors. Of course the com¬ 
pass should be in adjustment as described in § 121. The needle 
sometimes sticks, especially near the point at which it is about 
to settle, and may be jarred loose by lightly tapping the glass 
cover with a pencil or finger, or by using the needle lifting 
screw. The glass cover, if rubbed, sometimes becomes slightly 
charged with electricity and attracts the needle. It may be 
discharged by touching with the moistened finger. After com¬ 
pleting the compass readings at a particular set-up, and par¬ 
ticularly before moving the instrument, the needle should be 
'lifted off of the pivot to avoid wear on the pivot, which dulls 
the sensitivity of the compass. 

The more sensitive the needle, the longer it will oscillate. If 
it comes to rest quickly, it either needs re-magnetizing or the 
pivot is not sharp. Wide oscillations may be checked by the 
lifting screw, but the needle must finally settle without inter¬ 
ference, except perhaps for a light tapping on the glass cover to 
avoid sticking. To read the position of the 1 needle precisely one 
must look along the direction of the needle and not obliquely, 
since this causes parallax and an incorrect reading. 

53. Precision of Readings. « On the larger compasses, the 
graduations of the circle are usually to half degrees. It is pos¬ 
sible to estimate the position of the needle to about one-third 
of the one-half degree graduation, that is, to make needle read¬ 
ings to the nearest one-sixth of a degree, or ten minutes. Many 
instrument men read the needle to quarter degrees. If the needle 
is well magnetized and the pivot is sharp, it may be possible 
to estimate a bearing to the nearest five minutes, but it is not 
safe to expect to obtain a bearing closer than to the nearest 
ten or fifteen minutes. It must be remembered that the daily 
variation in declination of the needle amounts to several min¬ 
utes and that other uncertainties may exist. On the small 
pocket compasses, somewhat less precision is obtainable, pos¬ 
sibly to the nearest one or two degrees. 
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Note, however, that this lark of preeision along a compass 
traverse is not generally cumulative but tends to compensate, 
and that while a single line may have an error of fifteen or 
twenty minutes or even more in its bearing, a series of lines of 
a survey is apt to check quite closely on the ground or on a map 
with the positions indicated by their true bearings. An example 
of this compensation is shown in Fig. 53. 


D 



Correct bearings are shown solid while compensating observed bearings 
arc* show'll dashed. 

Because of this compensation of compass errors, it is possible 
with a compass to secure fairly satisfactory reconnaissance or 
preliminary surveys for railway, highway, transmission-line, 
military, and similar purposes. 

However, the compass is not satisfactory for most of the* 
usual engineering surveys of the present day, nor can it boused 
for laying out work with the precision demanded in modern 
engineering construction. 

54. Uses of Compass. The compass is now used in survey¬ 
ing only, in general, for approximate work such as rough map¬ 
ping, timber cruising, reconnaissance, and preliminary surveys. 
For most engineering work and even for land surveying, the 
compass has been replaced by the transit, which will give 
measured angles and calculated bearings precisely within a few 
minutes, or even more 1 precisely. On the transit, the compass 
is most frequently used for checking the more precise angular 
work against large blunders. Its use in this manner is indicated 
on the field notes of Figs. 96a, 97a, and 99 in §§ 96, 97, and 99 
respectively. For compass traversing , see § 198. 
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PROBLEMS 

1. Kind the smaller angle between each of the following pairs of lines. 

-e sketch 

(i) \ 71 ° 1 i E and X 13 c * 2 E; (b) S 22 c % E and S48 01 2 W; 
t) \ h2 % W and S ‘3l°% E; (d) S 37°^ W and N 7S°H E; (c) N 2$°% W 
uul S 89 W; (f) S 73°H E and X 37°i 2 W Am (a) U7°% 

2. In the following tabulation, find the magnetic bearing that should lie 
in d at the piesont time in letracmg each of the lines, each line being fiom 
in independent suivey l se a sketch and work from the tiue beanng, 
which always lemams the same 


()l D SURV FI H 


I’ iuhi>nt Time Si h \ e>h 


l)f i lm ition 

Ohs* iv« (1 Mdgm tir 
Ikuriiig 

D« c hnation 

Kiqmrrd M igm tu 

Bi umg 

fa) S l.VW 

N 13 45' W 

12 30'W 

.V 9 ur II 

(h) fi iv h 

N 82" l.V L 

10 00'L 

9 

(() 4 30'W 

S 16 45' W 

7 IV L 

9 

(d) 12 00'L 

S t)l" 30' 1 

2 4a W 

9 

(e) 3 l.VW 

S 17 30'W 

9 30' h 

9 

(1) a IV L 

S 76 45' 1 

1 IV w 

9 


< .HEN 1 INJ 

Vnglf 

t NKNOttN 
l>i vniNO 

*(i) \ IS 2() W 

12° 16' 

\ h M w 

il>) S S6 13' I 

(3 r >2 


(<) N 74 51' W 

113 t(» 


M) S 21 13 1 

14S 37' 

> 

(< ) \ 47 32' I 

20S C 01' 

} 

(i) s 6i or i j 

_ 

307° ah' j 

1 _ # - 


3. In the accompany - 
ing tabulation tlu»re is 
given the tiue (astro- 
nomic) bearing of a line 
and the angle*, meas¬ 
ured clockwise, I mm 
this line to another 
line whose bearing is 
required 1 sc a ske tell 
4. Change the giv<n 
bearing of Problem 3 
into a/iniuth (angle 
between 0 and 3f>0°, 
clockwise from south) 
A ns (a) lbi 34' 


5. In each of the several different closed traverses ABCDEA of the 
‘Mowing tabulation, local attraction exists at one or more points Compute 
the correct bearings of each of the lines in one of the travel ses Use a sketch 
Check the total of interior angles of the figure Compute each correct 
beumg from the preceding one and finally t heck on the bearing with which 
>ou started, thus obtaining an all-inclusive checK 


* \nswcrs for (a) are shown m italics m tables 
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fa) 

0>) 

(c) 

(d) 

(e) 

(f) 

AH 

S 4° .10' \\ 

S 15° 45' W 

S 2°45 W 

S 12° 45' VV 

S 10° 30'\\ 

S 17° 00'\\ 

HA 

N 3°45'K 

N 17° (MV 10 

N 4° 30' E 

N 15° 45' K 

N 4° 30' 10 

N 15° 45' L 

BC 

N 71° 30' E 

N 4.0° Of)' E 

N 72° 15' E 

N 43° 45' 10 

N 72° 15' 10 

N 43° 45'L 

CH 

S 72° 15' V\ 

S 43° 45' \\ 

S 73° 15' \\ 

S 42° 15'W 

S 72° 15'\\ 

S 43° 45'W 

CD 

N !)°1.VE 

N 21° 30' 10 

N 10° 15' E 

N 20° 00' E 

N 9° 15' 10 

N21°30'E 

1)( 

IS !)°1,VW 

S 21°30'W 

H 9° 15'W 

S 21° 30'W 

S 12° 00' W 

S 23° 00'W 

l)K 

S S7°00'W 

S 03° 30' W 

S S7° 00' W 

S 63° 30'W 

S S9°45'W 

S 65° 00' W 

El) 

\ so o :nv 10 

N (»1° 15' E 

N S7° (K)' E 

N ()3° 30' E 

N S7° 00' E 

N (»3°30'E 

EA 

N30°45'W 

N 30° 45' W 

N 33° 15' W 

N 2S° 30' W 

N 33° 15'W 

N2S°30'W 

AE 

s 33° i.v io 

S 2S°30' E 

S 35°00'E 

S 31° 30' 10 

S 27° 15' 10 

S 27° 15'10 


6. From Fig 43, for your locality, find the magnetic decimation for 
(a) present date, (b) 1910, (c) 1920, (d) 1930, (e) 1950, (f) 1960 

7. Fill out this table using a decimation of (a)* 4° 15' K, (b) 3^ 45' W, 
(c) 8° 30' E, (d) 11° 15' W, (e) 19° 30' K, (f) 21° 30' W. Local attraction 
exists 


Obherved 

Maunmk 

Bearings 

True Angle 

REI WEEN 

Lines 

fORRECTKD 

Magnetic 

Bearings 

Trite 

Bearings 

True 

Azimuth 

0° 00's 

AH 

N 80° 10 


N 78° E 

N 82 ° 15'E 

262° 16’ 

HA 

8 82° W 

122°* 

S 78° W 

8 82° 15' w 

82° 16' 

nr 

S 40° 10 

8 44° E 

8 39° 43' E 

320°15' 

CH 

N 46° W 

64° 

NU°W 

N39°45' W 

140°15' 

Cl) 

S 70° W 

8 72° W 

S 76° 15' W 

76° 15 ' 

DC 

N 72° E 

18° 

N 72° E 

N76°15'E 

256° 15 ' 

1)E 

N 90° E 

N 90° E 

8 85° 45' E 

274° W 

El) 


130° 

N 90° W 

N 85° 45' W 

94° 15' 

EF 

8 40° 10 

8 40° E 

S 35° 45' E 

mBEQm 

FE 

■ 

N 36° W 


N 40° W 

N 35° 45' W 



* Answers are shown in italics. 
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LEVELING 

55. Level Surface and Level Datums. A level surface , as 
the term is used in surveying, means an approximately spherical 
surface concentric with the surface of a body of still water; in 
other words, following the curvature of the earth. The tangent 
to Mich a surface at any point is at right angles to the direction 
of the force of gravity, or to a plumb-bob string. A level surface 
is therefore not a plane, but is curved , as shown in Fig. 55. 



Elevations are generally referred to sea level. When we say 
that a certain point lias an elevation of 722.84 feet, we mean, 
unless specified to the contrary, that the point is 722.84 feet 
above sea level. Sea level usually signifies the mean obtained 
by averaging high and low tides Aver at least a lunar month, 
and longer for precise results. However, in any particular 
locality there often may be several level surface datums , some¬ 
times including different so-called sea-level datums, and since 
‘iny one of these may have been used in leveling operations, it 
i s necessary to specify the datum to which any particular 
elevation or set of elevations is referred. 

61 
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56. Assumed Level Datum. Whore previously established 
bench marks are not available, or for small and inexpensive 
surveys, tin 1 surveyor may assume the elevation of some point 
and determine other elevations with reference thereto. In such 
oases the elevation of the initial point is assumed sufficiently 
above the* assumed zero datum, so that no negative elevations 
will occur within the survey. The initial elevation of the survey 
is frequently chosen as 100.00 feet above the assumed datum, 
provided none of the elevations of the survey will be below the 
datum. This assumption of a datum is not a desirable practice 
since it sometimes leads to confusion. It should be used only 
for temporary work or in thoroughly isolated locati ms. 

57. Available Elevation Data. The United States Coast and 
Geodetic Survey and the United States Geological Survey have 
run precise levels and established bench marks (B. Ms., or perma¬ 
nent points of known elevation) over the entire United States 
Their mean sea-level datum is the datum in common use. 

The network of published and unpublished precise level ng 
in the United States is shown in Fig. 57. This is the standm 1 
basic sea-level datum leveled inland from the oceans by tin 
federal government and is quite precise, adjacent B.Ms. giving 
relative elevations within a few hundredths of a foot. The 
location and elevation of bench marks along these lines may be 
obtained from the United States Coast and Geodetic Suney 
in Washington, I). C\ 

Many additional slightly less precise level data may be »o- 
tained from the United States Geological Survey in Washing¬ 
ton, I). C. The work of this organization thoroughly covers tne 
areas shown in Fig. 57a. Their published topographic sheets, 
widely used and generally available, cover this area and show 
the location and approximate elevation of many of their bench 
marks (permanent points of known elevation), as well as much 
additional information of approximate ground-surface eleva¬ 
tions. 

Other branches of the federal government; city, county, and 
state engineers; irrigation, drainage, and po^er projects; and 
railways and many corporations, have extensive level data and 
gladly furnish them gratis. 
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58. Determination of Approximate Differences in Elevation. 

The natural manner of obtaining differences in elevation is 
from the surface of a body of still water, but this is rarely 
available. Sighting across the water surfaces of a bent glas*. 
tube partly filled with water gives approximate relative elec¬ 
tions. A hose with glass tubes in tin* ends, filled with water, is 
sometimes used by mechanics and others. A triangular wooden 
frame with a plumb bob is sometimes used. Sighting along the 
top of a carpenter’s or mechanic’s level will give fair results if 
the led is a good one and is in adjustment. More frequently 
the mechanic’s le\el is held on top of a straightedge so that 
the bottom of the straightedge is le\el. All of these methods 
are suitable for points relatively close together, say within 
20 feet; except that a 100-foot hose is sometimes used. 

59. Spirit Level. The mechanic or engineer avails himself 
of a more coincident and precise method. A slightly curved 
graduated glass tube filled with alcohol or ether, except for a 
small air bubble, is attached to some sort of a straightedge or 
telescope. The fluid drops to the lower part of the tube and the 
air bubble ascends to the highest point. A tangent to the top 
center of the bubble is a horizontal line at right angles to a 
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plumb line. The instrument is adjusted so that the straight- 
* dge, or the line of sight of the telescope, is horizontal when the 
i ubble is at the center of the graduations on the tube. 

The sensitiveness of the bubble tube is dependent upon the 
Mseosity of the liquid, the smoothness of the tube and the 
nidius of curvature to which it is bent or ground. In the cheap¬ 
est carpenters’ or mechanics’ levels the tube is bent to a short 
nidius and filled with alcohol, but in the bettor grades of such 
lewis and in all engineers’ surveying instruments, the tubes are 
filled preferably with ether and smoothly ground to a long 
radius. On these better instruments, the radius of curvature 
determines the sensitiveness of the bubble tube, and this sensi¬ 
tiveness is expressed either as a radius (say 85 feet); or as the 
number of seconds of angle (say 20 seconds) subtended at the 
center of the circle of curvature by two radii from the ends of 
two adjacent bubble tube graduations, usually (but not always) 
1 dO inch apart. 


~T~J P°5/t/on of /me of sight) 


f 

\ i 
s i 

!• 


{ 

$ 


A a c//5tancc 


Sh/fted / 2 os/t'/gn_(/_/ine_ of 3/gbtjx — 




p ht pos/tjon of rod/us, £ 


i 


Center of c/rc/e of cc/rroture for* 
the bubbJe tube 

Fig. 59. Determining {Sensitiveness of Bubble Tube. 


The sensitiveness may be determined in the field as in Fig. 59. 
p lie bubble is centered and a rod reading taken on a point 
/ feet from the instrument. The bubble is then shifted several 
Hi visions and another rod reading taken. The difference between 
f oe rod readings or distance which the line of sight has moved 
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on tho rod, may lx* called 7. Call the distance which the bubble 
shifts 1). Then, with all values in feet, 


(59) 


7 = I) 

L If 


or 



The* angular value 1 betwe*e*n the first position and the shifted 
position of the* line of sight i»s sin 1 (7//>). When this is divided 
by the* number of bubble* elivisions shifte*el, we* have the angular 
value e»f one* bubble* division. 

The* instrument maker may ele*terininc* the se*nsitivene*ss more 
easily e>n a bubble testing apparatus in his shop. 


60. Line of Sight. The line of sight erf a t<*l<*see>pe\ such as 
is use*d on a le*ve*l or other surveying instrument, is a straight 
line* passing through the* intersection e>f the* cross-hairs and 
through the optical center of the* objective le*ns (Fig. 62). 


61. Engineers’ Level. The* <*nginee*rs’ leve*l (Figs. 61 and 61a) 
consists essentially of a te*l(»scop(» (leaning a line* eif sight, and an 
attached sensitive bubble* tube*. If the le*ve*l is in adjustment. 
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eve*ry time the* bubble F «*entered in the tube, the line of sight 
is horizontal. The* standards holding the telescope, the feiot- 
scrows, the tripen!, and so on, are added only for practical 
cemve*nienco in holding the instrument steaely. 

62. Optical Properties. The* optical properties of the transit 
or le*ve*l tele*scope should ce»rrcspe>nel with the type erf work te> 
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J 

Courtesy of K* uflt I and Kssi r ('n 

Fhs. 0 I a. Engineers' Wye Level. 

lx* done*. The usual instrument serves 11 k* wide range of ordi¬ 
nary conditions encountered in engineering practice. Special 
instruments are made for special work, such, for example, as 
underground surveys. Souk* optical properties art*: 

1. Illumination , which refers to how well lighted the image 
appears. 

2. Definition , which has to do with sharpness of detail. 

3. Width of Juid of view, expressed as an angle, which tells 
how much of the object is visible at oik* time, and 

4. Magnifying point', which is t Ik* ratio between the appar¬ 
ent lineal dimension of the object and of its image. 

In general, excellence in certain of these properties is obtained 
at the* expense of others. A^ide from optical properties t!*:<* 
type of level bubbles as well a.> the general workmanship on a 
level limit the precision of the work that can be done with a 
particular instrument. It is therefore desirable* that on any 
level all of these factors lx* appropriately balanced with respect 
to tin* others; and it i> especially desirable that tlx* kind of 
work to he done* with the instrument lx* kept in mind. On a 
good level, for example, the slightest perceptible motion of the 
bubble should show a like motion of the lint* of sight on the rod. 

63. Optical Systems. In Fig. 62 the crocting eyepiece con¬ 
sists of four lenses which both magnify and erect the image, so 
that it is observed right side up. The imace formed on the* plane 
of the cross-hairs by the objective lens is always upside down. 




Eroding Eyepiece. Internal Focusing. 

Counts 1/ of C. L Berger and Sons 

Fio. 62. Telescope Optical Systems. 

Another type, consisting of only two lenses, called the invert¬ 
ing eyepiece, shown in Fig. 62, only magnifies, but does not 
erect the image. Consequently the observer sees the image 
upside down. While this is something of a disadvantage to the 
inexperienced man, yet the image is clearer and better illumi¬ 
nated than with the four-lens eyepiece. 

The inverting eyepiece is short, and the erecting eyepiece is 
relatively long. They may be distinguished by observing the 
distance of the cross-hair reticule ring, in Figs. 61, 61a and 62, 
from the outside end of the eyepiece, or by noting whether the 
image is inverted when the telescope is used. 
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Present practice in the United States favors the erecting 
eyepiece for the usual surveying instruments and the inverting 
eyepiece* for the more* precise instruments. 

Internal focusing telescopes (Figs. 62 and 63) are now stand¬ 
ard on new instruments. 

64. Parallax. When the* eye is moved slightly while* looking 
through the telescope, the intersection of the cross-hairs may 
appear to move*. This is called parallax. 

The obje*e*1 sighted at is optically projected by the outer, e>r 
objective le*ns, onto the* plane* e)f the cross-hairs as indicated 
on Fig. 62, but e>n this plane the image* is ve*ry small. The* 
small figure* is magnified by the* le*nse*s e>f the* e*yepie*ee*, whie*h 
acts as a micre>seope*. It is nee*e*ssary, there»fore, te> focus the 
e*ye*pie*e*e* on the* cross-hairs. This is roughly accomplished by 
pe>inting the* te*le\se*e>pe* toward se>m<* light-colem*el surface* a fe*\\ 
hundred leet distant, and moving the e*ye*piece in or emt until 
the* e*re)ss-hairs appear cle*are*st te) the* eye*. The e*yepie*ce is 
moved e*itlu*r by a small thumb se*rew e>r by rotating the* e*ye*- 
))ie*e*e* se> that a spiral groove, engaging upon a small prujoctiem, 
will move the* eye*pie*e*e* in or out. 

The* cross-huirs the»n appe*ar plainly to the eye and ]>arallax 
is largely eliminated. Should some parallax still be noticeable, 
eliminate it as explains! in § 115. Parallax must be eliminated 
frenn the le*ve*l te*le*se*e)pe» be'fore* jm*cise work is possible. 

65. Dumpy Level. This is the* simple*r type e>f e*ngine*e*rs , 
le*ve*l ami is incre*asingly use*el (Fig. 61). The* te*le*scop<* and 
suppeirts are pe*rmane*ntly fastene'd together. The* inventing eye- 
])ie*e*e is usually found in the* olele*r dumpy le*ve*ls, while modern 
de*sign fave>rs the erecting e*ye*piece*. 

66. Wye Level. This type* (Fig. 61a) has l>e*e*n use*d me>re* in 

the past than the* dumpy le*ve*l. but it has be*e*n largely n*plae*e*d 
by the* dumpy type. It is calle-d a wye or loved be»cause 

the* telesceipe* re*sts in V-shape*d suppe>rts and may be rotated 
about its axis, e>r re*move*d fre>m the Y supports and turiu»el end 
fe>r e*ml. The* wyv le*ve*l has a larger numbe*r e)f adjustable parts 
than the dumpy le*ve*l. These adele*d parts facilitate adjustment, 
but, on the other hand, more frequently require adjustment. 
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67. Other Types. European levels are rarely used in this 
country, since they are slightly more complex than the Ameri¬ 
can types. Precise levels, used chiefly by the Federal Govern¬ 
ment, are quite similar to the engineers' dumpy level described 
above. 

68. Hand Level and Clinometer. These* two instruments, 
shown in Fig. 68, are of similar construction except that the 
clinometer has an added vertical circle* upon which vortical 
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angles may be read. The bubble on top of these instruments 
is reflected by a 45-degree mirror or prism inside* the tube, se> 
that the* bubble and part of the lanelscape* are visible* at the 
same* time. The hubbies are pe>or anel there is no magnification 
of the* lanelscape. The instruments are of re*lative*ly low preici- 
siem anel are* used fejr approximate work only. 

69. Leveling Rods. Several type's are shown in Fig. 69. 
The single* pie*ce or Florida rewl (1)) is best for surveys in which 
little* transportatiem is involved. The tenths erf a foe>t on the 
Fleirieia rod are alternately red anel black. He*ne*e* the*se te*nths 
may be road farther from the instrument than is pejssible with 
type's (a), (c), anel (d). IIe)we*ver, the hunelmlths of a loot are 
ne>t so elistinct on the Florida rod as the*y are on other types. 
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Hie slip joint or Chicago rod (a), the sliding joint or Philadel¬ 
phia rod (c), and the hinged joint rod (d), are types that are 
.asily transported but must be used carefully to avoid small 
errors at the joints, particularly those due to the sliding down 
of the upper part of the Philadelphia rod. 

Type (c), the Philadelphia rod, is generally used, but the 
more recent type (a), the Chicago rod, offers certain advan¬ 
tages, including less danger of error at the joint, wider figures 
which may be read at a longer distance, and a shorter length 
when collapsed for transportation. It is slightly more difficult 
to set a target above the seven-foot graduation on the Chicago 
rod, but this is rarely necessary. 

Rod ribbons of heavy painted canvas (Fig. 69(0 may be 
tacked to a long strip of wood. If glued or thoroughly thumb- 
tacked to the wood after comparison with a steel tape, they aro 
sufficiently precise for ordinary leveling. 

The rod is held vertically by the rodman, who, in calm 
weather, plumbs the rod between his fingers. In windy weather 
he must judge by eye whether the rod is vertical, perhaps com¬ 
paring it with the vertical corners or lines on buildings and the 
like. Rod levels are available for holding the rod plumb but 
arc* seldom used. 

For more precise w r ork, the rod is waved towards and away 
from the level and the minimum rod reading, wiiich occurs when 
the rod is vertical, is read from the level. The rod is w r aved in 
the same vertical plane with the instrument as directed by the 
lcvclman, who directs the rodman to lean the rod right or left 
until it appears parallel to the vertical cross-hair. This method 
should not be used with readings less than four feet, since the 
error due to low’ readings on an inclined rod is small, and since 
the raising of the rod on its rear edge introduces error. Neither 
should it be used unless the precision of the work so demands, 
since it slows progress. 

70. Targets. Targets (Fig. 69f) w r ere once generally used, 
but in modern practice the rods are read directly by the instru- 
mentman and targets are used only where poor atmospheric 
conditions or extremely long sights make direct reading by the 
instrumentman difficult or impossible, where a single rod read- 
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ing is used repeatedly, as for example in setting a number of 
construction stakes at the same elevation, or in other special 
circumstances. 

The target is moved up or down under the direction of the 
levelman and is clamped and read by the rodman. When pos¬ 
sible*, this reading is read directly and checked by the levelman. 
With the Philadelphia rod, target settings above seven feet are 
made* by clamping the target at exactly the ve*rnie*r reading of 
the* rear vernier, and sliding the re*ar section e>f the re>el upward 
until the* targe*t is on the* line of sight. The* re>el reading is then 
found on the* back of the roel, not at the target. 

Target vernie*rs (Fig. 70) reading to thousandths of a foe>t 
or, rarely, te> thirty-se*e*emels of an inch, are* furnished em most 
targets but are* se*lele>m useel, since readings te> hundredths 
of a foot, or <*ighths of an inch, are* usually sufficiently pre*e*ise*. 
Furthermore*, e*xpe*ri<*nce» has demonstrated that instrumental 
and manipulative errors inve>lv<*el in le*ve*ling are* so large that 
the* smalle*r ve*rnier reaelings are* se*lelom justified. Also, the* 
smaller e*rre>rs of re*aeling tend to compensate. 

On the le*ft of Fig. 70 is shown an ordinary leve»l roel with a 
target to which is attacheel a vernie*r whose' zere) is em the* same* 
horizontal line* as is the* <arg(*t e*<*nter. Fe*e*t, te*nths, and hun- 
dredths are* re*ael on the* rod graduations e>])})osit(' the* ze*re> of 
the ve*rnie*r, and thousandths of a foot may be* estimated by e*ye*. 

More precisely, the* thousandths of a foe>t are* re*ael em the 
vernie*r by noting which line* of the* ve*rni<*r e*e>inciele*s with (is a 
horizontal continuation of) a re)d graduation. Thus in the 
enlarges! ve*rnier of the* figure*, it is noted that the* zere) e>f the 
ve*rnie*r re»ads slightly above* 5.32 on the* re>d. Thousandths are 
reael e>n the* ve*rnie*r by noting that the* 2 e>n the ve*rnie*r e*e>in- 
ciele*> with a roel graduation, and the pivcise* re*aeling is the*re*fe>re 
5.322. We*re* the* target anel the* ve*rnie*r raises! one-thousandth 
e>f a foot, the* 3 on the* vornieT would e*e»iue*iele with a re)d gradua¬ 
tion anel the* pivcise* reading would be* 5.323. 

Te> obtain the* hast count e>f a vernie*r, that is, the smalle*st 
fractiem e>f a foot which it will reael, it is neevssary to eiiviele 
the value* e>f the smalle*st division e>n the* roel scale* by the number 
of divisions em the* ve*rnie*r. In this case the least count is 0.01 
fe>ot divided by 10, e>r 0.001 foot. 
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Vnother method of determining the least count of this vernier 
to note that ten divisions on the vernier cover exactly nine 
ill visions, or 0.09 foot, on the rod. Therefore, each vernier 
ii\ision is 0.009 foot and each rod division is 0.010 foot. The 
t inference of 0.001 foot between these widths is the least count 
ot the vernier. 



Fig. 70. Tmk.i i \ minimis. 


This same principle is applied to many precise instruments. 
The transit verniers of § 91 are similarly constructed. 

71. Setting Up the Level. The level is set up with the legs 
thrust firmly into the ground and with tin* top plate of the 
tripod approximately le\el. The wing nuts at the tripod head 
are kept sufficiently tight so that a tripod leg, when raised, 
will barely fall of its own weight. When the tripod points arc 
nn a smooth surface, the wing nuts are further tightened to 
prevent slippage and probable damage to the level if it were to 
fall. If possible, the trinod points should be set in indentations 
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of the smooth surface. On hillsides, it is usually convenient to 
set two tripod legs downhill and one uphill. 

With the telescope over one pair of foot screw's, the bubble 
is brought approximately to the center of the tube by turning 
each of the footscrews of a pair in opposite directions at the 
same time by means of the thumbs and forefingers. The bubble 
moves in tin* same' direction as the left thumb. The telescope 
is then turned 90° over the other set of footscrew\s and the 
bubble 1 brought approximately to center. This procedure is 
repeated a time or two with increasing precision until the 
bubble is centered with the telescope over either set of foot- 
screws. If the level is in adjustment the bubble w r ill remain 
centered throughout a complete revolution of the telescope. 

The telescope is focused on the rod by turning the focusing 
screw which is in the middle third of the telescope*. The objec¬ 
tive lens is moved outward for near sights and inward for 
distant sights, except for internal focusing. 

An instrument should not be left set up unguarded when* 
traffic or construction work will endanger it or whore live stock 
an* pastured. Tainted tripod legs minimize danger in heavy 
traffic. It should not be loaned against a w r all or in a corner. 
Indoors, or in timber, the instrument should be carried under 
the arm with the tripod to the rear, rather than on the shoulder, 
in order to avoid striking it against door jambs or trees. The 
footscrews and clamps should be lightly tightened or clamped 
sufficiently only to prevent movement. The lens should never 
bo touched with anything but a camel \s-hair brush or, at worst, 
a light touch with a soft silk handkerchief. Repairs to instru¬ 
ments are expensive. 

72. Bench Marks and Turning Points. A bench mark, or 
B.M., is a definite permanent point of known elevation. Some 
attention must lx* given to the permanence of the objects on 
which the B.Ms. an* established, particularly so that there 
shall be no change n elevation such as might result from freez¬ 
ing, settlement, or other disturbance. See page 61 for location 
of available bench marks. 

A turning point , or T.P., is a temporary point of known 
elevation. While removable metal turning points may occa- 
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miially prove useful, the rodmaii ordinarily finds a hand ax, 
Mikes, and wooden pegs sufficient. Turning points may, of 
.curse, be established on any solid object. Inexperienced rod- 
men err in holding the rod on the ground for a turning point 
instead of using something solid. This may cause an error of 
several hundredths of a foot in the elevation of all subsequent 
points. If held on the ground, the rod tends to settle down¬ 
ward, and the errors on a series of such unsatisfactory turning 
points tend to be cumulative. 

Practice' varies as to whether to use* fairly permanent turning 
points and to describe them in the note's, or to omit the 1 descrip¬ 
tion and abandon the turning points as soon as they have 1 l>e i e i n 
used. The 1 purpose of the 1 surve'y must dede'rmine* this peiliey. 

If the B.Ms. are te> be use'el ove»r a long pe'rieiel. it is possible, 
of course 1 , that the'y may lie 1 disturbed or obliteTatc'd. To 
facilitate the'ir re-establishme'nt, or feir assurance that the'y have 
not bc'e'ii disturber!, it is dc'sirable 1 that fairly permanent T.Ps. 
be established on e*ae*h side 1 e>f the 1 B.M. and that the'se 1 T.Ps. be 


thoroughly de'seribed in the notes, or that the B.Ms. should 
be establishes! in pairs. 

Iuele'pende'iit fe>re*sights sheiuld ne>t be take'll em B.Ms. but 
the B.Ms. shoulel lie 1 incluele'd in the 1 regular le'vel circuit, so 
that the cireaiit when finally che'e*ke'd will ele'finitely chee*k all 



Level datum plane at E!e\c Q00 b 740 fee! below thfs plane-? 
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73. Differential Leveling. The process of determining the 
difference in elevation between two points some distance apart 
is indicated in Fig. 73, which illustrates the standard field notes 
of Fig. 73a. 
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Fkj. 73a. Standard Field Notes for Differential Leveling. 


The rod Holding is taken on a point of known elevation 
{a backsight or + sight) and then on a point of unknown eleva¬ 
tion (a fort sight or — sight). Tlu* instrument is moved to its 
next location and the process repeated until the last point is 
reached. The words backsight and foresight are not used in the 
sense of backward and forward but rather to designate rod 
readings taken on points of known elevation (a backsight or 
B.S.), or on points of unknown elevation (a foresight or F.S.). 

In keeping the notes, the point or station is (Mitered in the 
first column of the field notes. On tin 1 same horizontal line are 
entered tlu* backsight and foresight taken on this point or 
station. From these the elevation of the point and also the 









$ 73] 


DIFFERENTIAL LEVELING 


79 



hi 


5 | 

zi 

3] 

4f 

5] 

6j 

7l 

81 



Courttiy of Chicago Sta.1 Tapi Co. 

Fig. 74. Tape Rod. 


elevation of the height of instru¬ 
ment obtained from the point are 
determined by addition or subtrac¬ 
tion, as shown by the notes of 
Fig. 73a. All of the data men¬ 
tioned in this paragraph an* en¬ 
tered on the same horizontal line. 

The additions and subtractions 
arc made horizontally across the 
page* immediately after each rod 
reading is taken. The backsight 
or plus rod reading is added to 
the known elevation, which gives 
the height of instrument , or 11.1. 
The foresight or minus rod read¬ 
ing, subtracted from the height of 
instrument, gives the unknown 
elevation. They are then checked 
at the bottom of the notes as 
shown in Fig. 73a, by obtaining 
the difference of the sums of back¬ 
sights and foresights and by noting 
that this difference is identical 
with the difference between the 
original and final elevations. 

It is evident that the work will 
be speeded-up, in leveling uphill, 
by taking backsights near the* top 
of the rod and foresights near the 
bottom of the rod; and by the re¬ 
verse of this in leveling downhill. 
The exercise of this judgment by 
the rodman in selecting T.Ps. and 
by the levelman in choosing in¬ 
strument set-ups, develops with 
experience. The levelman should 
watch the rodman as he selects the 
T.P. and should tell him to take a 
higher or lower point, as is appar¬ 
ent through the level 
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74. Tape Rod. The tape rod of Fig. 74 is seldom used but 
offers advantages in some work; for example, where many eleva¬ 
tions must bo determined from one set-up of the level. The 
rod graduations, increasing downwards, are enameled on a 
movable* endless metal tape about twenty feet long. If the 
elevation of the B.M. is 743.21, then tlie tape is moved until 
3.21 is read on tlie* horizontal cross-hair of the level when the 
rod is hold on the B.M. Tin* tape remains clamped in this posi¬ 
tion so long as the ILL remains tin* same. When the rod is 
held on a new jx>int of unknown elevation, a rod reading of, 
sav, 1.13 means an elevation of 731.13, 741.13, or 751.13. A 
little* study and use* of the* n>el will inelieate when it is ne*e*e*ssary 
to adel e>r subtract te*n loot. This renl eliminates the need e>f 
additions and subtractions in the note*s. 

75. Signals. Plumb the Rod. Extend the* arm vertically 
abe>ve* the* head and sway the arm sle>wly in the direition in 
which the* re>el is te> be* plumbed. 

I’p. Extend the* right arm horizontally outward, palm up, 
fre>m the shoulder and raise upward, an abrupt and large wave* 
whe*n a large* movement is required, and a slower anel smaller 
wave* whe*n a small movement is desired. I)re>p the arm after 
making the signal. 

Down. The* same as above exe*ept that the nmvement is 
downward, palm down, fre>m the* shoulder. 

All Right. Extend berth arms horizontally from the shoulder 
anel wave up anel down. 

Establish Turning Point or Bench Mark. Exte*iul erne arm 
ve*rtie*ally abe>ve* the heael anel wav** in circles around a vertical 
axis. 

\umbers. Numbers may be transmitted a cemsielerable 
distance by a syste*m e>f signals, but the*y are seldom used. 

Methods e>f increasing the visibility of signals on lemg sights 
are* given in § 101. 

76. Closing Level Circuits. In order to be certain that level- 
ing has been accurately accomplished, it is customary to start 
fre>m a bench mark of known e'levation and te> return te>, e>r 
close on r the* same point, noting whether the finally determined 
e'levation e i e)rre*s]xmels with the original ele*vation. An equally 
satisfactory chee*k may be made by cle>sing on another bench 
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mark of known elevation. Not infrequently, thousands of 
dollars of loss have resulted from erroneous levels. Occasionally 
corporations have been thrown into receiverships from this 
cause. 

Since there are so many possibilities of error in leveling, and 
.nice the closing check is frequently not available until con¬ 
siderable leveling has been completed, the following sections 
will describe the usual blunders and small errors which may 
prevent a satisfactory closure. It should not be considered 
that any leveling technique is a satisfactory substitute for a 
closure as described in the preceding paragraph. 

77. Common Mistakes.* Large mistakes in leveling can occur 
only through failure to center the bubble at the moment of 
observation, slippage at a rod joint, the use of a wrong or 

indefinite B.M. or T.P., 
a misreading of the rod, 
recording wrong read¬ 
ings in a field notebook, 
or arithmetical mistakes. 
Experienced levelers and 
rodmen make few such 
mistakes, but if it is de¬ 
sired to minimize them 
further, one of the fol¬ 
lowing check procedures 
is followed. Such pro¬ 
cedures are particularly 
desirable where the levels 
are not finally closed or 
checked on the original 
B.M. or on some other 
B.M. 

The rodman may keep an extra set of notes in a peg book 
(Fig. 77), which corresponds to the instrumentman\s notes 
in Fig. 73a. He sets the target, pencil, or card on the rod under 
direction of the levelman and reads and records the rod readings 

* Mistakes result from curelessness and can be detected and removed from 
final results. They should not be confused with the unavoidable small errors 
inherent in all measurements. 



Fig. 77. Peg Notes. 
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on nil B.AIs. and T.Ps. lie omits all extra foresights, as, for 
example, those taken in profile leveling. It should be noted 
that this is an entirely independent set of readings and notes, in 
addition to the regular data and notes kept by the levelman, who 
reads the rod directly (without target) from the level. The 
two sots of B.M. elevations should of course check within 
prescribed limits, since the same B.AIs. and T.Ps. are used. 



Imu. 77a. l)ni iti.i: Roddhd Link. 


In a procedure that is rarely used, one or two rodmen may be 
used to run a doublc-rorirfcrf hm\ in which two sets of readings 
are taken on different T.Ps. by the levelman who records and 
figures two independent sets of T.Ps. and II.Is. as in Fig. 77a, 
which covers the same territory as Fig. 73. It will be noted 
that one sot ot readings (marked L and read first) is on T.Ps. 
about afoot lower than the other set (marked // and read last). 
Some such precaution is necessary to prevent confusion. Since 
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•lie two sets of T.Ps. are close together, a check between result¬ 
ing H.Is. does not eliminate errors due to lack of adjustment 
:ind curvature and refraction, and if the required precision 
demands their elimination, it must be accomplished by equaliz¬ 
ing the lengths of backsight and foresight. 

78. Small Errors. Errors in adjustment of the level will 
cause 1 some (usually small) error in results. Most of these, as 
well as errors of curvature and refraction, arc balanced or 
eliminated if the* lengths of backsight and foresight are made 
equal; that is, if the rod is held the same distance* from the 
instrument on both the* backsight and the foresight. In practice, 
every effort is made* to do this, although it is not always e*asy 
of ne'compiishmcnt. Under such circumstance's, for example, 
if it has bc*e*n ne*e*e*ssary te> take* a foresight 300 fe*e*t long and a 
backsight 100 fe*e*t lemg, — at some future* set-up, preferably the 
ne*xt one, the* backsight length should e*xe*e*<*el the* foresight 
length by 200 fe*e*t; that is, if the* backsight is 250 fe*e*t, the* fore*- 
sight should be* reeluevd te> 50 fe*e*t. The general rule* e>r pre>- 
,<*durc, be*twe*e*n any two points whose elifT<*re*nce*s in e*le*vatie>n 
^ desired, is that the* sum of the lengths of the foresights should hr 
egual to the sum of the lengths of the backsights. The* t he*e>ry 
underlying this elimination of errors of adjustment is explained 
in § 117 under the* two-peg te\st in the* ehapte*r e>n adjustments. 
Errors due* to elifTe*re*ne*e*s in length of backsight and foresight 
are* apt te> accumulate whe*n the* leveling is predominantly uphill 
'»r predominantly elownhill, sine*e* downhill sights are* lemg anel 
uphill sights are* short. 

If the roel is not he*lel vertically, oi* e>n solid T.Ps., other errers 
are* introduced. If a jointed real is used, care* must be* e*xe*re*ise*el to 
se*e* that there* is ne> overlapping or shortage* at the* joint e>f the* 
roel; that is, the* distance* from the foe>t mark be*le>w the joint te> 
the foot mark above* it, must be* e*xae*tly one* foot. 

It is ne*e*e*ssary for the instrument man to eliminate* parallax 
(se*e § 115) anel to assure* himse*lf that the* bubble* is in the* ce*nte*r 
of the.* tube* at the instant at which he reaels the real. Such 
assurance is hael by e*are*fullv leveling the instrument, taking 
the* rod re*aeling, and finally again looking at the* bubble* 

By standing between the tripod legs, the instrume*ntman can 
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observe the rod and see the bubble without moving his feet 
Moving the feet on soft ground may throw the bubble out oi 
center. When the level is set up on soft ground or on frozen 
ground which is beginning to thaw, the bubble may move from 
the center du<* to settlement of the tripod. It is not essential 
that the bubble lx* exactly in the center when the level is turned 
at right angles to the line of sight, but it is customary and con¬ 
venient to have* it near the center or even exactly centered. 
It is (ssentinl that thi bubble be in the center when the sight is taken. 

Errors due to expansion or contraction of the rod (usually 
loss than 0.01 foot), to settlement of the level between the 
instants of backsighting and foresighting, and to like causes, are 
seldom of noticeable importance in ordinary leveling. Special 
procedures an* adopted in precise leveling, or in long lines of 
levels, to minimize these effeets. 


79. Profile Leveling. The profile may be defined as a vertical 
section of the ground surface along the line of some survey. 

N 

tw 



Prvf//e 


Fig. 79. Profile. 
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I ho profile shows the true length of the line; that is, it follows 
,iound angles or curves and is not a true side view. A side \ iew, 
liom any particular direction, would not show the true length 
• if all portions of a survey having angles or curves. The vertical 
scale is much exaggerated. 

The modern practice is to show a plan map, or at least an 
alignment sketch on the same sheet with the profile, and the 
piofile than becomes the most important drawing in connection 
with many surveys. In the construction ol railways, highways. 
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sewers, pipe lines, canals, transmission lines, flumes, and the 
like, the construction engineers and eontiactors are primarilv 
interested m the profile rather than in the map or plan, since the 
plan location is nearly always staked on the ground, whereas 
the stakes give little or no data regaidmg elevations. 

Field notes and procedure are shown in Figs. 79 and 79a. 
Profile leveling is similar to differential leveling, except that 
several additional foresights are read from a single II.I. at 
various points on the surface of the ground (not oil top of the 
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stakes) whore ground elevations are needed. The ground 
readings are taken to tenths of a foot while B.M. and T.P. 
readings are taken to hundredths of a foot. The elevations 
are computed with similar precision; that is, tenths of feet on 
ground elevations and hundredths of feet on T.P. and B.M. 
elevations. 



Eh.. 79b. (V)Ni>Ki\sKi> ok Opkkviing Profile. 


The profiles in this Look are on Plate A profile paper. Plate B 
has a different \ertieal spacing. 

Condemn d or operating pro jib .s are drawn to small scale* and 
are used for planning operation rather than construction. 
Figure 791 > shows such a condensed profile used by railway 
operating officials in determining locomotive loading, speed, 
and other operating factors. 

80. Refraction. With the correctly adjusted instrument set 
up and tlu* bubble centered, we would expect the line of sight 
to be represented by the top line .1 in Fig. SO. Actually 
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’lie line of sight is refracted , or bent vertically, as it passes 
through air strata of different densities, as indicated by the 
middle line A 2 B 2 . The curvature of the earth, or of a level 
-urface, is shown by the lower lines. The refraction A 3 A > and 
averages about 1/7 of the total error due to curvature 
and refraction, A 1 1 and BJ] j. Refraction is greatest where 



the line of sight passes near the ground or near a body of water, 
since the adjacent air strata here have maximum differences in 
temperature and consequently maximum differences in density. 
Refraction changes rapidly with changes in temperature; hence 
it is best to do precise leveling on cloudy days or in the middle 
of the afternoon on sunny days when the ground and air are 
uniformly warm, particularly if long sights are taken. On rare 
occasions, refraction may reach a maximum of 0.10 of a foot 
in a 200-foot sight. Heat waves or boiling air indicates rapidly 
changing refraction. 

81. Curvature. This is the correction (A 2 Ai and B 2 B\ of 
Fig. 80) introduced by the departure of the approximately 
spherical level surface from the surface generated by the re¬ 
fracted line of sight of the level. The amount of the correction, 
including average refraction mentioned in the preceding section, 
is slightly greater than : 

(81) Curvature and refraction correction = (0.0002) (Z)) 2 , 

with 1) in 100-foot units and the correction in feet. Stated in 
words, the correction varies with the square of the distance. 
For a distance of 300 feet, the usual maximum length of sight, 
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the correct ion is only 0.002 foot, and if the lengths of backsight 
and foresight are equal, even this small error is eliminated. 
Such small corrections may bo neglected for ordinary leveling. 

A study of Fig. SO will show that for equal lengths of backsight 
and foresight on a particular set-up of the level, the curvature 
and refraction corrections balance and need not be considered 
unless unusual differences of refraction occur. The corrections 
or errors an* not exactly balanced, however, when only the 
total lengths of the backsights and foresights are equal, since 
the individual errors are proportional to the square of the 
distance. (See Problem 7, page 98.) 

Neither curvature nor refraction need be considered in most 
engineering leveling, except for the long sights used in reciprocal 
leveling, as described on page 89. 

82. Lengths of Sight. Maximum s'ghts up to 300 feet are 
used in most engineering leveling, the longer sights speeding up 
the work. Beyond this distance it is difficult to read hundredths 
of a foot on the rod, the errors of curvature and refraction 
become appreciable, and the general precision for which the 
level is designed and manufactured tends to become insufficient. 
The less precise grades of leveling may frequently be accom¬ 
plished more quickly by using much longer sights and target 
rods, and by using a sensitive level of high magnifying power, 
if it is available. 

Where a target is used on long sights, it should be set three 
or more times and the average reading taken after casting out 
those readings which are evidently erroneous. The bisection 
target is particularly useful on long sights where the cross-hair 
would cover the line between colors on the ordinary target 
It consists of a horizontal white line of varying width on a 
black background. The diamond-shaped target (Fig. 69) with 
points at the sides is also useful in taking long sights. 

When refraction is large and when fairly precise results are 
desired, it is best not to take sights exceeding 100 feet if the 
line of sight passes within two feet of the ground or water. 

83. Probable Error in Setting Level Target. It is occasionally 
desirable, in reciprocal leveling, for example, to set a target on 
a rod several times, and to use the mean value of the several 
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,adings, after casting out any reading which is evidently 

i roneous. 

If zb 0.03 foot is the approximate probable error of a single 
• rading, and if nine readings are taken, then the approximate 
probable error of the mean of the average value is approximately 
± 0.03/Vo or zb 0.01 foot. While the theory of probability, as 
explained on page 30, is not entirely applicable to such a small 
number of observations, yet this example will indicate the 
unproved precision obtained from the repeatod readings. This 
repetition, of course, also tends to eliminate mistakes. 

84. Reciprocal Leveling with One Level. Reciprocal levding 
is the process of determining the difference in elevation between 
two points more than several hundred feet apart when* it is not 
possible to set the level approximately midway between the 
points. It is commonly used in leveling across bodies of water 
or across deep gullies, canyons, or ravines. 

In Fig. 84, the level is first set up near A and readings A A i 
and BB 2 taken, and their difference computed. The level is 
then set up near B and readings BBi and AA 2 taken, and their 
difference computed. The mean of the two differences gives 
the true difference in elevation between A and /i, if we assume 
that the refraction has remained constant. All errors of curva¬ 
ture and of adjustment of the instrument are thus eliminated, 
and there remains only the error due to inequality of B 2 B 3 and 
A 2 Az if refraction has changed. 

It will be noted that this is the two peg procedure described 
in § 117. The same Caution there mentioned must be observed, 
but here the combined error of adjustment, curvature, and 
refraction should be less than the differences in elevation of the 
stakes or pegs. 

Carefully conducted reciprocal leveling is as precise as 
ordinary differential leveling, and in rough country it may be 
accomplished more quickly. 

Refraction wall be nearly constant if the temperature of 
the air remains nearly constant. It is desirable, therefore, w r hen 
only one level is used, as described in this section, to choose 
constant temperature conditions such as are available on a 
cloudy day or in the middle of a sunny afternoon. Refraction 
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across and near to water is apt to lx* large and variable, while 
across a ravine it is apt to bo small and nearly constant. 



85. Reciprocal Leveling with Two Instruments. If it is 

expected that refraction will change considerably between the 
times of two set-ups and if precise results are required, a more 
elaborate procedure is needed. 

Two levels are required and simultaneous readings art' taken 
with one level near each point. The levels, preferably of about 
the sanu* ordei of sensitivity, are then interchanged and another 
sot of simultaneous readings is taken. Two differences in eleva¬ 
tion an* figured, as in the pieceding section, one difference for 
each instrument as though that instrument were the only oik* be¬ 
ing used. The mean of the two differences is free from error due 
to change in refraction and of course fret* from all other errors 
mentioned under the foregoing section where only one level 
is used. 
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86. Customary Limits of Error. The formula most often 
u (1 to express the maximum error permissible in engineering 
n * cling is 

(Mj) Permissible error = 0 05VD, 

w here the error is in feet and 1) is in miles. Impressed in words, 
the permissible error is equal to 0.05 foot times the square root 
n! the length of the line of levels in miles. Such results may be 
obtained by any competent levelman in smooth or rolling 
country where 200- to 300-foot sights are possible. The engineers’ 
io\el and the self-reading rod an* used with the usual precautions 
ol solid turning points, rod readings to hundredths of a foot, 
roughly equalized sums of backsight and foresight distances, 
and so on. 

While the preceding precision is not difficult to attain, yet 
it greater than is necessary for many types of engineering 
work. A slightly more rapid or cheaper type of leveling is 
increasingly permitted, (‘specially in rougher country, allowing 

hS(ia) Permissible error = i)Ai)\ I). 

Such levels would lx* precise enough for many types of en¬ 
gineering construction such as highway work. 

For precise levels, usually governmental work, a common 
pecifieation is 

v SOb) Permissible error = 0.02 \ 1). 

These more* precise results usually require a precise level and 
rod and the many precautions mentioned in works on higher 
Mir\eying. It is seldom that such precision is required for 
engineering pur]loses. It is best accomplished by men experi¬ 
enced in precise leveling. 

If mistakes are eliminated, most of the errors in leveling are 
accidental and therefore tend to compensate. As explained on 
page 32, the theory of least squares shows that they will not 
exactly compensate or balance, but that uncompensated errors 
will tend to remain equal in number to the square root of the 
number of opportunities for error. In ordinary leveling, there 
a ill bo an opportunity for error on each backsight and on each 
oresight. If there are 12 set-ups per mile there w ill be 24 oppor- 
'unities for error and there would probably remain uncompen- 
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sated about V24 times the value of a single error (say 0 01 foot;, 
or about 0.05 foot per mile, as shown in (86) above. Results o 1 
actual leveling bear out this theory. 

Formulas 86, 86a, and 86b are applicable where sights averag¬ 
ing between 200 and 800 feet may be obtained. In hilly country 
more' set-ups per mile an* necessary, and the* added opportunities 
fe>r (‘rre>r require a (*e>rre*spondingly more liberal alle>wance e>f 
e*rror. VV r he*re*ve*r passible, levels are* therefore run along railways, 
highways, canals, valleys, and se> on, wlu*re the work can be 
done* mem* e*asily and mem* precisely. 

It must be* re*membere*d that the* foregoing formulas give* 
maximum permissible e»rrors and that the results usually ob¬ 
tained will be* somewhat mem* accurate. 

87. Adjustment of Level Circuits. Where* le*vels are* run 
be*twe*e*n be*nch marks of precisely known elevation, or where the 
we>rk cle)se*s back on the B.M. at the* be*ginning of the survey, 
them* will normally be* an error e>f closure of the level circuit. 
The first and final elevations are ce>rrect and the intermediate 
elevations, which will be in error to greater or less degree, should 
be* corrected in direct proportion to the length of levels run up 
to the respective intermediate points (not in proportion to the* 
square* reject of the distance run). 

When leve'ls are run forward and backward betwe*en twe> 
I).Ms., the mean elifference is obviously the correct one te> use. 

More e*omplicated cases of adjustment, where several lines 
of le*vels or level circuits meet on common points, are treate'd 
in be>oks on higher surveying. 

88. Trigonometric Leveling. As described in § 105, the transit 
may be* used for a fairly precise determination of vertical angles 
which, together with the* slope or horizontal distance, constitute 
the data from which the difference in elevation between two 
points may be computed. The distances may be obtained with 
a tape, by stadia, or by triangulation. This is further explained 
in § 157. 

89. Leveling with Barometer. Approximate difference's in 
elevation, correct to within 10 to 25 feet, may be quickly and 
cheaply obtained with a barometer, an instrument which 
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•ensures atmospheric pressure. Such pressure is greater at low 
( Ovations than at high ones. 

A mercury barometer similar to those used in physics labora¬ 
tories cannot be used because it is awkward to handle and to 
cMrry. The aneroid barometer of Fig. 81) is used in surveying 
Hianges in pressure are registered by a hand traveling around 
a dial. The dial is graduated to feet of elevation, or inches oi 
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mercury (corresponding to a mercury barometer); preferably, 
it should have both graduations. The word eornpensated 
occurring on the face of most aneroids means that temperature 
changes within the instrument will not affect its results. How¬ 
ever, correction must be made for differing air temperatures 
outside of the instrument because the temperature of the 4 air 
affects its weight and pressure. 

The 1 derivation of formulas and the procedure for securing 
die most precise results possible with the aneroid are given in 
books on higher surveying.* 

If approximate elevations with errors on the order of 10 to 
feet will suffice 1 , a relatively simple method may be used, 
'he instrument is held at a point whose 1 elevation is known 
' r assumed and the pointer is read, or the elial related until 
le 1 known e>r assumed reading of the elevation is under the 


* See Itubey, Route Surreys, Macmillan, 1938, p. 11. 
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pointer. The hitter procedure is not theoretically correct since 
the spares bed ween elevation graduations are not equal, hut it 
is sufficiently precise for most work, especially if the elevations 
are within a few hundred feet of one another. The aneroid is 
them taken to the points of unknown elevation and the pointer 
is read. The difference in readings (or the actual dial reading 
providing the dial was shifted to correspond with the elevation 
at, the initial point) corrected for temperature and pressure 
changes as explained below, will give the desired elevations. 

The atmospheric pressure at a given point ordinarily varies 
periodically throughout 21 hours, with two low and two high 
pressures that differ by the equivalent of some 50 feet of eleva¬ 
tion. Changing weather conditions introduce other differences 
of pressure equivalent to several hundred feet of elevation, 
occasionally within a few hours. Both of these changes in 
pressure may be eliminated from the results by reading every 
hour or so a second barometer at a constant elevation in the 
vicinity of the moving barometer. A chart is drawn of the 
changes in pressure at the fixed station and the readings of 
the moving barometer are corrected accordingly. A good check 
is had when the moving barometer is read at different times on 
the same point or is read on points of known elevation. The 
barograph is a 7-dav automatic recording aneroid, and is excel¬ 
lent for the fixed station instrument. Many of these are avail¬ 
able since they are used for weather prediction. It is best not 
to attempt barometric work when the barometric pressures are 
varying rapidly. 

For all but the least precise work, the air temperatures must 
be taken at each reading, and corresponding corrections taken 
from Table VI1, or they may be computed by the formula: 


(Si)) Temperature correction 


/, + h - 100 ° 
1000 


approximately 


(in v [ of the difference of aneroid readings) 


where all temperatures are Fahrenheit. The aneroid is a delicate 
instrument and most makes are subject to sudden part ml 
derangement. It should be kept in the case and not exposed to 
the sun or to rapid temperature changes. It should be held 
horizontally while it is being read, and after a station is reached 
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• should bo lightly tapped with a pencil and allowed to adjust 
-tdf for a few minutes before it is read. 

Barometric elevations are only approximate, but they are 
Hiickly and easily taken. They are used chiefly in rough 

• mintry when atmospheric conditions art' relatively stable, and 
or work where elevations precise to within 10 feet to 25 feet 
are sufficient. Such large errors limit or prohibit their use in 
Hat country. 


PROBLEMS 

1. (a) After the instrument has been leveled, a reading of 5.07 feet is 

made oil a rod 3(X) feet from the instrument. The bubble is then moved out 
of center through 5 divisions of the bubble tube, and the rod leading is ob¬ 
served to be 5.82 feet. What is the curvature of the bubble 1 tube? This 
rui vature should he expressed in two ways: m seconds of angle subtended 
it the centei of the curie by one division of the tube, and as a radius, 
1 division being 0.1 inch. Ans. 20"; 83 feet 

(b) The same as (a) except that the rod readings are 5 93 and 5.04 with 
bubble movement of 3 divisions. 

(r) The same as (a) except that the rod readings are 4.23 and 4.17 with 
•i bubble movement of 4 divisions. 

(d) The same as (a) except that the rod readings are 0.13 and 0.20 with 
a bubble movement oi 5 divisions. 

(e) The same as (a) except that the rod readings are 11.19 and 11.44 
with a bubble movement of 5 divisions. 

(f) The same as (a) exeept that the rod readings are 7.41 and 7.23 w’lth 
a bubble movement of 0 divisions. 

2. (a) Fill in the elevations and H.Is. in the following set of field notes. 
Check B.M > by adding algebraically to B.M.i, the difference between the 
Mini of the backsights and the sum of the foresights. Answers aie in italic 
tvjK*. 


Station 

B S ok 

B.M , 

0.13 

T.P , 

4.02 

T.P.. 

1.18 

T.P. 3 

3.07 

T.P.i 

B.M.s 

2.70 


12. 33 


11 I. on * 


n-ui 

733.33 
7 2S.37 
71 9.33 
713.10 


| r s oh — 

Elkv a tion 


743.28 

11 48 

731.93 

9.40 

737.09 

12.41 

7 13.S3 

10 19 

709.3 i 

0.55 

703.33 

30.99 

743.3S 

12..iff 

703.33 

37.73 

37.73 


Check 
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(b) B.M.i, 343.72. Backsights: 0.22, 4.31, 7 93, 2.44, and 6.13. Eon* 
sights: 12.2S, 9.46, 11.32, 7.78, and X.37. 

(<•) B.M.,, X43.3S. Backsights: 11.18, 9.63, 12.14, 10.0G, and 8.72 
Foresights: 0.04, 1.22, 0.87, 2.35, and 0.89. 

(d) B.M.,, 113.61. Backsights: 1.18, 0 73, 1.65, 0.13, and 0.93. Koio- 
sights: 9.87, 12.42, 11.37, 12.16, and 10 17. 

3. Beferriug to the following tabulated notes, let us suppose* that the 
level is first set up midway between A and li f which are 300 feet apart 
It is afterwaid set up so that the eyepiece is over li. With the bubbles 
centered, is the line of sight inclined upward or downward, and hmv much 
vertical error, in feet, exists in a horizontal distance of 300 leet? What 
should be the leading on A , during the second set-up, to make the line 
o r sight horizontal? This is the first “two-peg test” of item 7, § 117. It 
will be necessary either to read about the two-peg test in the aforesaid 
section, or to post pom* working this problem until this section has been 
studied. Each horizontal line of the* tabulation is a separate problem 
and only one is to be solved. 



Ana. 3. (a) Downward 0.08 foot Rod reading = 0.00 


4. In Problem 3, assume that the level is first set up near A instead of at 
the mid{>oint. and answer the same questions. This refers to the second 
14 two-peg test” of item 7, § 117. Here again it will be necessary to study 
the two-peg test or to postpone solution of this problem. Observe the 
“ Caution ” which is given for this second method. 

5. (a) Fill in all of the elevations and II.Ts. for the following profile 
notes. Check elevation of B.M. > bv algebraic summation of backsights' 
and foresights, using only the foresights taken on T.Ps. and B.Ms. Answers 
arc show’ll in italic type. Note that the rod readings which are taken on 
the. ground are only read and recorded to tenths of feet. 
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M ATION 

H.S. or + 

H I. OR * 

KS. or — 

Elev 

Ciiouml 

AT ION 

T.l\ & H.M. 

1! M.i 

0.91 

?47.?3 



746.82 

! P i 

1.13 

738.4? 

10.39 


737.34 

1 



6.4 

733.1 


2 



8.2 

730.3 


3 



7.6 

730.0 


+28 a 



r». i 

733.4 


4 



10.3 

738.3 


+82 1 



10.4 

738.1 


T P. 2 

2.37 

? JO. 18 

11.68 


738 70 

5 



1.3 

737.0 


6 



3.4 

735.8 


7 



5 8 

733.4 


+48 x 



6.4 

733.8 


T P. 3 

3.64 

735.51 

7.29 


731.87 

H M. 2 



.”>91 


710.80 


8.or, 


35.3? 


748.83 




8.05 


710.80 




37.33 

Check 

37.33 


(b), (c), (d), (e), and (f) are the same as (a) except that the elevation 
of the initial B.M.i is changed as follows: (b) 100.00; (c) S43.71; (d) 138.49; 
(e) 407.43; and (f) 694.63. 

6 . Reciprocal levels are taken with one level as below: 


Distance 

BETWEEN 

A AND li 

Instrument at A 
Average Heading on 

Inhihument at H 
Averaoe Heading on 

A 

H 

H 

A 

(a) 2000' 

4.79 

6.87 

5.43 

3.15 

(b) 2500' 

3.41 

5.28 

6.13 

4.33 

(e) 2800' 

5.82 

7.96 

4.84 

2.82 

(d) 2000' 

6.71 

9.01 

5.23 

3.10 

(<•) 2500' 

4.03 

6.01 

5.24 

3.34 

(f) 2800' 

6.28 

8.38 

4.97 

3.07 


If we assume constant refraction, what is the true difference of elevation? 
1 the level is out of adjustment, does the line of sight point dow'nward or 
»>ward, and how much? A ns. 2.18 feet, downward 0.1 foot 

If wo assume that tw T o levels are used and that the refraction varies, find 
e true difference in elevation. Use (a) and (d) for one complete set. 
1 'e (b) and (e) for another complete set. Use (c) and (f) for another com- 
i- il te set. Ans. 2.197 feet 
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7. (a) At a certain level set-up, a 200-foot backsight of 0.327 and a 6(X>- 

*"oot foresight of 4.181 are taken on two stakes. What is the true different! 
in elevation of the two stakes, allowing lor curvature and the usual ref rat 
turn? A ns. 2.1.72 let» 

(b) The same, except 100-foot B.S. of 8.194 and 1000-foot F.S. of 7.428. 

(c) The same, except 300-foot B.S. of 2.893 and SOO-foot F.S. of 0.107, 

(<!) The same, except SOO-foot B.S. of 11.321 and 200-foot F.S. of 3.131. 

(e) The same, except 000-foot B.S. of 9.813 and 100-foot F.S. of 2.1K2. 

(f) The same, except 1000-foot B.S. of 3.472 and 30-foot F.S. of 12.433. 

8. Given three* level rods graduated as follows: rod A to quarter inches 
rod B to eighth inches, rod C to hundredths of a foot. 

Design target verniers for these three rods: 

(a) With least count of 1/32 inch for rod A. 

Aha. 8 spaces on vernier, each space 7/32" wide. 

(b) With least count of 1/04 inch for rod A. 

(c) With least count of 1,32 inch for rod B. 

(d) With least count ol 1 04 inch for rod B. 

(e) Wit h least count of 0.002 foot for rod C. 

(f) With least count of 0.0003 foot for rod C. 

9. (a) In 10,200 feet of levels, with the average length of sight 200 feet, 

the probable error of the readings is =fc 0.003 foot each. What is the total 
probable error? A ns. fa) ± 0.043 foot 

(b) The same, except 20,000 feet and 0.01 foot. 

(c) The same, except 12,800 feet and ± 0.003 foot. 

(d) The same, except 9800 feet and i 0.004 foot. 

(e) The same, except 3000 feet and rf 0.013 foot. 

(f) The same, except 32(H) feet end _L 0.02 foot. 
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THE TRANSIT 

90. General Uses. The engineers’ transit (Figs. 90 and 90a) it 
used to measure both vertical and horizontal angles. Distances 
may be measured by means of the stadia hairs, described in 
Chapter IX. The transit has a magnetic needle and may be 
used as a compass. The results obtained in leveling with a 
transit may be nearly as precise as those obtained with the 
engineers 7 level, although the transit is not so well adapted 
to this purpose. 

The transit may therefore be termed the universal surveying 
instrument, since those uses mentioned comprise almost the 
entire range of surveying. It is used for mapping, for astro¬ 
nomic observation, for laying out new work and for setting 
construction stakes. It is the one essential surveying instru¬ 
ment for modern practice, the other instruments serving only 
special purposes. The young engineer, surveyor, or engineering 
firm should first acquire a transit; then other special instruments 
may be added as occasion requires. 

A very few European theodolites and transits have been 
recently used in this country, but it is probable that their 
extended use will develop slowly, if at all. They offer various 
refinements and a more complex construction. These are not 
'ikely to appeal to the American engineer, who usually engages 
only temporarily in survey work and consequently prefers the 
simpler instruments. 

91. Transit Circle Graduations and Verniers. The horizontal 
and vertical circles used in angular measurement, as described 
later in this chapter, are similar in construction. Only the 
horizontal circle (the horizontal limb) will be described here 
Figure 91 shows the usual graduations on the horizontal circle 
*>f a transit reading to (least count of) one minute of arc. It 
will be noted that the graduations run from 0° to 360° both 
•lockwise and counter-clockwise. 
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'ig. 90a. Engineers’ Transit Disassembled. 
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The more common double-direct verniers are shown iji 
Fig. 91. The theory of these verniers is similar to that of tin 
target verniers described on page' 74. The upper vernier is b\ 
far the more' commonly used on transits now in service. The 
main scale 1 is divided into half-degree's, and 30 divisions on the 
vernieT correspond to 20 divisions on the main scale; conse¬ 
quently the lesist count of the* ve*rnie*r is 1/30 of 1/2 degree or 
1 minute. In other words, this vernier reads to the nearest 
minute* of arc. The setting shown in the* upper figure re*ads 
17° + 25' = 17° 25' from loft to right, and 342° 30' + 05' = 
342° 35' from right to le*ft. 

The* lower vcTiiier is usc*d for slightly more* precise work 
and, in accordance' with increasing survey precision, is now 
standard on newly purchased transits. He*re the main scale* is 
eliviele*el into third-ele*gre*e\s, and 40 divisions em the* ve*rnie*r 
ee>rrospe>nel te> 30 divisions of the* main se*alo; consequently the* 
least count eif the* vernie*r is 1/40 of 1/3 eie*gre*e* e>r 1/2 minute*. 
In othe*r words, this ve*rnie*r re*ads te> the ne*are*st half minute of 
angle*. The* figure re'aels 130° + 9' 30" = 130° 09' 30" fremi left 
to right, and 40° 40' + 10' 30" - 40° 50' 30" from right to left. 

In rare* instance's, not frequent enough to warrant ele*scriptiem 
hew, one may e'ncounte*r .single verniers, folded verniers , anel 
meire pre*e*ise* ve*rnie*rs. 

Vertical cire*le*s are generally graduate*el in quadrants fremi 0° to 
00°, and are* equippeel with vemie*rs milling to the ne*are\st minute. 

It is be*st first to re*ael the ze*ro line* of the ve*rnier along the 
main se*ale\ as though no vernie'r existe*d, anel to e'stimate* the 
angle* te> within about 5 minutes. Then the eemieielenee e>f lines 
on the main se*ale and the vernier is elose'ly read anel compared 
with the* angle previously estimati'd. This minimizes such 
blumle*rs as reading the vernier em the* wrong side of the zero, 
or omitting to add the fractional part of a degree which may 
occur em the main scale*. 

Always read along the main circle, in the direction in which 
the degree's are increasing, to the zero of the vernier; thence 
continue in the same direction along the vernier to the coinci- 
dene*e e>f the* line's. 

The check mentioned in the previous paragraph will also 
prevent a mistake in this respect. In deciding which pair of 
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linos coincide, the pairs of lines adjacent on either side should 
appear to fail to coincide by equal amounts in opposite direc¬ 
tions. The eye should be in a vertical plane with the coinciding 
lines in order to prevent parallax, which results if the plates do 
not lie in exactly the same plane. Should two sets of lim> 
appear to coincide equally well, then the reading lies half way 
between the two sets. A reading glass (small magnifying glass; 
is frequently used to determine precise coincidence of vernier 
lines. It both enables more precise reading and minimizes eye 
strain. Vernier A is the one nearer the eyepiece when the 
telescope* is in normal position (bubble underneath). Vernier B 
is 180° around the horizontal circle. 

92. Setting up the Transit. The transit is set up similarly to 
the level except that the two small plate bubble's make it 
unnecessary to rotate* the* transit abend the vertical axis in e>rder 
to ge*t erne* bubble e>ve*r e>pposite sets e>f fend scre*ws. 

The transit is first set up with the* plumb bob approximately 
over the* stake, tae*k, or point, and with the* tripod head approxi¬ 
mately level. The* entire tripod is them lifted, without changing 
the* relative position e>f the* le*gs, and moved until the* plumb bed) 
hangs an inch e>r se> above* and within abend 1 /4 inch horizontally 
of the* tack or point. The* h*gs are* them presses! firmly into the* 
ground. Pressing a le*g more ele*e*ply into the* ground or moving 
it radially shifts the* plumb bob in the* <lire*e*tie>n of that leg 
without seriously changing the* plate* levels. A circular move*- 
me'id e>f a tripod le*g alters the plate le*ve*ls without greatly 
moving the plumb bob. Some of the* sugge*stie>ns regarding 
setting up the le*ve*l (page* 7(>) alse) apply te> the transit. 

The* plumb bob is then le>we*re*el within abend 1/8 inch of the 
point and e*xae*tlv e*e*nte*re*el by loosening one foe>tscre*w e>f each 
pair anel shifting the* head of tIn* transit with referone*o te> the 
tripod. The* pivvientsly le>e>M*ne*el fe>e>tse*rows are then brought 
to a light uniform pressure* or bearing on the* plate's. 

The transit is turned abend its ve*rtie*al axis until the bubbles 
are e>ve*r reaper! ive* pairs e>f fe)e)tse*re*ws. First e>ne* bubble is 
brought approximately to the* e*e*nte*r, them the* editor bubble; 
anel this is re*p«*ute*il with e*le>se*r a])])roximations fe>r a time e>r 
two until finally be>th bubble's are* e*e*nte*re'd. 
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93. Measuring Horizontal Angles. 1. Sot up the transit, 
ling the plum!) hob over the point, and level the instrument 
uith the plate bubbles. 

2. Set the vernier on 0° 00' by using the upper motion clamp 
and the upper slow motion or tangent srreir. The vernier and 
the horizontal circle will then rotate* together on the lower 
motion. 

3. Point the t(descope* along one line* of the angle. The lower 
motion clamp and alow motion or tangent screw are use*d. The 
instrument is now pointing along one* line* of the angle and 
vernier A reads 0° 00'. Chock vernier A afte*r sighting anel 
clamping along first line, to elete*ct errors caused by turning 
wrong tangent screw. 

4. Loose*n the upper motion "lamp and rotate the telescope 
horizontally, carrying the vernier with it, until the vertical 
cross-hair is approximately on the point defining the second 
line of the angle. The* cross-hair is brought exactly on the; 
point by clamping the uppe*r motion and using the upper slow 
motion or tangent scre*w. Ve*rni(*r A has now moved from its 
initial reading of 0° 00' to a position reading the value of the 
angle* in de*gre*e*s and minute's. Che*ck by reading ve*rnie*r B 
independently. 

The transit is levedcd only at the beginning of the* measure¬ 
ment and the* fend screws are* not touched during the me*asure*- 
me*nt, e*ven though the* hubbies le*ave the* central position. 

If only one* ve»rnier is used, it is convenient to use* the* ve*rnie*i 
uneler the* e*ye*pie*ce, usually marked ve*rnie*r .1, as the* angle*may 
be* read without stepping around the instrument. Frequently 
both vernie*rs are* re*ad to eliminate* errors of eccentricity anel 
incorre*ct placing of verniers (mentioned on page* 112), anel as 
a che*ck. Should the* readings disagree*, either the* plate* gradu¬ 
ations are ineonvet, the verniers are incorrectly placed (not 
exactly 1S()° 00' apart), e*ccentrie*ity exists, or a mistake has 
bee*n made*. 

Incorn*et graduations of more than a few sc*conds are* rare 
oil tlie* be*tte*r grade of transits. 

If the* ve*rnie*rs are* not exactly 180° 00' apart, there will be a 
constant difference in vemie*r readings, se*ldom over a minute 
or two, re*gardless of the position of the* verniers around the 
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main circle. Correct angles are obtained by reading the same 
vernier, or by using the means of both vernier readings. 

If eccentricity exists in a transit, the verniers will be 180° 00' 
apart for certain vernier readings and perhaps a few minuter 
from 180° 00' apart for other positions, the maximum dis* 
crepancy occurring when the verniers are at right angles to the 
position in which they agree. Correct angles are obtained by 
averaging the vernier readings. 

To avoid lost motion , the tangent or slow motion screws 
should always be brought to their final position with a small 
clockwise' turning, so that they are acting against compression 
in tlie opposing springs. The tangent screws should not be 
operated near the ends of their runs, where they tend to bind. 

94. Measuring Horizontal Angles by Repetition. When the' 
above' process is re'pe'atc'd, that is, doubled without returning 
the plate's to ze're> but starting the second measurement w r ith 
the plate's clampe'd on one' time's the value of the angle; the'n 
at the end of the second measurement the plates will read 
twie*e the value e>f the angle. This reading, divided by two, 
will yielel a more pre'eise* value of the angle* with less chance of 
a mistake, providing half of the second reading is compared with 
the first muling. Such doubling is customary for all important 
angle's. Te> eliminate adjustment e*rrors, the' telescope should 
be* reversed in altitude be'tween measurements; that is, one 
measurement should be made with the bubble up and the other 
with the bubble down. 

Greater precision results frenn a set e>f femr to twelve repe¬ 
titions. Half of the set, two to six repetitions, will be made 
with the bubble down ( telescope nonnal). The telescope is then 
inverted (bubble up), the' angle muling re'ce>rele'd, the plate 
readings unchanged, and the either half of the repetitions made 
measuring the explement of the angle (360° — the angle'). The 
plate's should them reael the initial setting, usually zero de'gre'es. 

Still greater precision is ohtaine'el by averaging several sets, 
such as are de'scribe'el above, ami observing certain added minor 
precautions which are mentioned in books on higher surveying 
and in publications of the United States Coast and Geodetic 
Survey. 
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Inverting the telescope in altitude eliminates all errors of 
adjustment except that of the plate bubbles. 

Repetitions are usually made clockwise except that some 
deflection angles (page 109) which are doubled must be meas¬ 
ured counter-clockwise. Both A and B verniers are customarily 
read. The plate bubbles must be in adjustment and the plates 
should not be relevoled during a set. Field notes for a repeated 
angle are showrn in Fig. 94. 
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It is seldom necessary, in customary engineering practice, to 
repeat an angle except that nearly all instrumentmen double 
important angles (once with bubble up and once with bubble 
down) to avoid blunders, to secure slightly greater precision, 
and to eliminate errors of adjustment, as mentioned on pages 
136 to 138, inclusive. 

95. Laying Off an Angle by Repetition. It is not possible 
directly to lay off an angle by repetition. The somewhat 
indirect method used is illustrated by the follow ing example. 

To lay off an angle of 18° 30' 20" with a transit reading to 
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the nearest minute, first lay off an angle of 18° 30' by a single 
setting and establish a toni|X)rary tacked stake. Continue to 
repeat this angle as precisely ns required. Assume that repeti¬ 
tion determines 18° 20'40", as the value of the angle to the 
temporary stake, precise to perhaps 10". A new tacked stake 
must then be set a short distance* from the temporary stake, by 
computing and measuring an offset, so as to increase the angle 
40". If the temporary stake is 000 feet from the transit it would 
Iw* necessary to set the final stake 000 times the sine, tangent, or 
arc of 40" or 0.12 ft. from the temporary stake*. 

96. Direct Angles or Angles to the Right. I)iree*t angle's are* 
measured dire*ctly from oik* line* to another, that is, what we* 
would ordinarily ele*se*ribe as the* angle* be*twe*e*n two lines. 
The*se* angle's may lie* anyw here* be»twe*e*n 0° and 300°. In emle*r to 
establish uniformity erf practieo and to avoiel misunele*rstaneling 
as te> which of two pe>ssible* angle's was me»asure*el, it is customary 
to sight first em the* backsight with the* plate's at 0° 00' and them 
te> measure* the* angle* e*]e>e*kwise* te> the foresight, as in Fig. 96. 


A 


C 

Fie;. 90. I )irk(’T Ancle, oh Ancle to Hu jut. 

l)ire*e*t angle's are usually elouble'd by re*pe*titie)n, emce with 
bubble* down and e>ne*e* with bubble* up, te> give* gre*ate*r precision 
and to guard against e*rrors erf muling, slippage, and aeljust- 
me'iit. Be>th vernie*rs are* ordinarily re*ad, particularly whe*n 
the angle's are* not double*d. I)ire*et angle's are* commonly used 
in city and mine* surve*ys. Example's of the* fie*lel ne>te*s arc* 
given in Fig. 96a. The interior angle's are* frequently use*el em 
small e*le>se*el trave*rse*s and in simple* surveys whe*re* the*re is 
little* opportunity for misinterpre*tatiem; fe>r instance, it is the 
inte*rior angle* that is re*ael where 1 it is re*e*e>rele*d in its pre>pe*r plae*e 
em a ske*teh rathi'r than in a tabulation of elata. 
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97. Deflection Angles. This is I lie oider method of measuring 
horizontal angles, popular with railway and highway engineers 
and list'd in most traversing where only one angle' is rend at a 
point. The angle measured is that between the* backsight pro- 

A _ Sa c/rs/#/?/' _ 

Fit.. 07. I)efi.k<*i io\ A vole. 

dueed and the line ahead, as shown in Fig. 97. Deflection angles 
' ary from 0° to 180°, nt'Vt'r exeet'ding 180°, and consequently 
must be designated as right (/f) or left (L). 

The measurement of deflection angles with the transit is 
almost invariably repeated or doubled by the following process. 
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Tito transit is backsighted at A, with the bubble underneath 
tho tclcsco|x> and the vornior at 0° tM)'; tho telescope is plunged 
vertically and sighted at C by loosening and turning the uppei 
motion; and the value of the deflection angle is read. Tin 
lower motion is then loosened, tho telescope revolved horizon¬ 
tally and again baoksighted at A, with the bubble now on top 
of the telescope and the plates reading one times the value of 
the angle instead of 0° 00' as in the first backsight. The tele¬ 
scope is again plunged vertically and sighted at C with double 
the value of the angle appearing on the plates, and with the 
telescope in normal position, so that the line may be conven¬ 
iently carried ahead. 

One-half of the doubled value of the angle should agree with 
the previous single value within the least count of the instru¬ 
ment. This process gives greater precision, eliminates possible 
mistakes, and also eliminates all errors of adjustment men- 
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ik »no(l on pages 136 to 138 except of plate bubbles. Field notes 
are shown in Fig. 97a. 

In ordinary practice as outlined above, only one vernier is 
read. The other vernier may be read as a check but is not 
recorded. A few engineers, for example those in the United 
States Coast and Geodetic Survey, read and record both verniers 
on both the single and doubled angles. 

As a deflection angle survey proceeds, the bearing of each 
line is computed from the preceding line and is entered in the 
notes as a calculated bearing. This is checked by the needle 
reading, which is also recorded. The same check is applied 
somewhat less frequently to direct angle surveys. 

98. Azimuth Angles. Azimuth angles are those measured 
clockwise to the line under consideration from some given refer¬ 
ence direction. They may lie anywhere between 0° and 360°. 
For important surveys the 
reference direction is true 
north or true south. For 
example, using true south 
a< 0°, a line AB having a 
true bearing of N 32° 14' K 
would have an azimuth of 
212° 14', and a line having a 
true bearing of N 63° 57' E 
would have an azimuth of 
213° 57', as shown in Fig. 9S. 

It should be noted also that 
the azimuth of BA (32° 14') 
differs from that of AB by 
exactly 180° 00'. 

For less important surveys, magnetic north or magnetic 
south are convenient reference directions for the measurement 
of azimuth angles. The major direction of a survey or con¬ 
struction is rarely (and perhaps improperly) used, for example, 
along the major axis of a stadium. A note of the reference 
direction must be entered in the field notes in something of this 
form: 0° 00' azimuth is true south. 

The measurement of azimuth angles is perhaps the quickest 
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and generally the most satisfactory method where several or 
more 1 angles or directions are to he determined at one set-up 
of the transit. 

Both verniers are read on important azimuths, since it is 
impossible to double azimuths and thus to avoid blunders, or 
otherwise to avoid small errors due to eccentricity. 

99. Traversing by Azimuth. In Fig. 99, the transit is set up 
at A and sighted at B with the plates reading the true azimuth 
of AB (or any other known line* and azimuth from A) All 
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azimuths needed from A are then read on the plates. When 
the transit is moved to B , the plates are changed 180° to read 
the azimuth of BA and a backsight is taken on A with the 
lower motion. When the transit is turned horizontally to sight 
at <\ using the upper motion, the azimuth of BC is read on 
the plate's. This procedure is continued around the tnrverse. A 
check is possible whenever a plate azimuth can be read on a 






SIGHT POINTS 


113 


8 101] 

line whoso azimuth is already known, for example at E , provid¬ 
ing the azimuth AE was previously read from A . The telescope 
i-, always in normal position (bubble down). 

A less used method of traversing, when the surveyor is mov¬ 
ing to B , is to leave the azimuth of AB clamped on the plates 
Set up at B, backsight at A with the telescope inverted (bubble 
up) and the azimuth AB on the plates. Plunge the instrument 
vertically and it will now’ be pointing along AB produced (bubble 
down). Turn to C, read the azimuth BC on the plates, and so 
on around the traverse* to a final check as in the preceding 
method. In this second method, the backsight azimuths are 
omitted from the field notes (except that AE is recorded for 
final checking). 

It is desirable to read and record both vernier readings and 
the needle reading on each important azimuth, since otherwise* 
there is no check other than the final one previously mentioned. 
In the second method, the* final check is no assurance that 
intermediate azimuths are read or recorded correctly. 

Further discussion of transit traversing occurs in § If)!). 

100. Comparison of Methods of Designating and Measuring 
Angles with Transit. The table on the opposite* page summar¬ 
izes the methods of measuring angles w r ith a transit. 

101. Sight Points. If tin* point sighted at is near the transit 
and the stake can be seen, a pencil may be* held on the tack, 
or a nail or taping pin may lx* stuck immediately behind the 
tack. These objects an* more clearly seen if they an* stuck 
through a card or a piece* of white* pape*r. If the* stake* is te>o 
low to be* se'em, a plumb be>b may be* he*lel e>ve*r the tack and 
the* transit sighted on the string. A carel e>r e*e*llule>iel targe*t may 
be attached te> the* string te> inere*ase* its visibility. 

For longe*r sights when* the*se* smalle*r e>b.je*cts would ne>t be* 
cle*arly visible*, a pe)inte*el wexdem e>r ste*e*l flag pole erne* ine*h e>r 
loss in diame*te*r and six to te*n fe*e*t lemg is used. The* alternate* 
le*e*t are* painted red anel white*, since* this ine*re*ase*s visibility 
against eliffe*re*nt e-olejrs e>f backgremnd. Pie*e*es e>f eliffe*re*nt 
<*e>lored cheese* e*loth, erne light anel e>ne* dark, as fe>r e*xample’ 
white and nd, may be tacked te) the top e>f the* flag pole in 
order to facilitate* locating it on lemg sights e>r in brush and 
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TABLE B 


Azimuimh 

l)KKLEerioN Angles 

Direct Angles 

A drantages 

_ 

The* azimuth or di- 
re*ction of linos is di¬ 
rectly available on the 
transit plate's, without 
e*oinputation. A rapid 
and simple me'thoei 
whe*re* more* than erne 
angle* is to he* measured 
at a point. Azimuths 
may lie cheeked men- 
tally against the nee»elle' 
reading. 

The elemhled angle 
prevents any mistakes, 
eliminate's most of the 
errors of adjustment, 
and give's greater pre*- 
eision. 

The elouble»d angle* 
prevents any mistakes, 
eliminate'H most e>f the 
errors of aeljustment, 
and gives greater pre*- 
e*ision. 

Disadvantages 

No <*herk against 
mistake's in muling or 
re'e*e>rehug the azimuths 
e*\e*ept the* re>ugh needle 
ehe*e*k, or re'aeling l>oth 
ve»rnie*rs. Not se> pre*- 
eise as doublerl angle's. 
'Idle* se'eoml method is 
subje'et to the e»rror 
of adjustment berause 
ihe* line of sight eleies 
not produce a straight 
line wheai rc'volve'el ver¬ 
tically. 

()e*e*asional mistake's 
are maele in ree*ording 
Right or Le*ft after the 
angle. It is ne'e*e*ssarv 
to e*aleulate the* true 
hearings befeire the*y 
e*an be e*om|>nred with 
the* ne'eMlle leadings. 
Diffienlt to re»e*orel 
where several angle's 
are* measure'll at one 
point. 

Ne*e*e*ssary to e*alcu- 
late true* be*arings bt*- 
fore* they can be com- 
pared with the ne't'dle' 
readings. Not so sun- 1 
pie to re*e*orel w here* se*v- 1 
eral angles are meas¬ 
ure'll at a point. 

Present and Future l sag e 

Wieledy and mcmis- 
ingly use'll, e*spee*ially in 
stadia surveys. 

Wide'lv but de'cmis- 
mgly use*d. Commonly 
use*d in railway, high¬ 
way, and other line* 
surveys. 

Perhaps their usage 
is eh'crcasing in ordi¬ 
nary work. The mi'th- 
oel is commonly usee! 
for precise results anti 
m city and mine sur- 
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unber. Waving the flag pole will enable the transitman first 
to locate it, after which it is held stationary in a vertical posi¬ 
tion, or plumbed, during the sight. The flag pole is also called 
mlor pole or range pole. The pole should not lx* injured through 
tiM* as a crowbar, spear, javelin, or vaulting polo. 

A lath or branch of a tree may lx* driven near the stake to lx* 
lighted at and a triangular piece of paper or card set on line in 
it^- split top. It is then unnecessary for a man to remain at 
the point to give a sight. By employing the plumb bob, the 
tip of the triangular paper or card may be set directly over 
the tack. 

If the transit is set over the stake, a lath or branch of a tree 
with a triangular white card at the top may lx* placed on line 
several feet from the transit, the transitman alternately sight¬ 
ing at the card and moving it onto line. When the transitman 
moves ahead to the next stake 1 his backsight is already set, and 
no flagman has been necessary. 

A flag pole or stick is sometimes set in an inclined position 
over the stake, so that the plumb bob may bo left hanging 
directly over the tack. 

If the transit is kept sighted along a line for some time, it is 
helpful to raise and lower the telescope slightly, until some 
point, such as an easily recognized spot on a tree or building, 
i" found exactly on tlx* vertical cross-hair. This point will ♦hen 
mtvc to check tin 1 alignment of the transit and it may not be 
necessary to establish a sight as described above or to keep a 
man, called a back flagman , on the sight point. 

It is desirable in all survey work that the light or sunshine 
illuminate the face of the flag pole, rod, and other sight since 
il they are in shadow, they will be more difficult to see. Some- 
limes the face of the rod or sight may be turned slightly away 
from the instrument so that the light will fall on it and so that 
«t may yet be visible from tie 1 instrument. In dark foggy 
weather, at night, or underground, sights are taken by illumi¬ 
nating both the sight and the cross-hairs, as described in § 127. 
In any method of giving sights, it is desirable that the apparent 
thickness of the cross-hair should not entirely cover the sight. 

It is difficult to observe a sight satisfactorily if the sun is 
hining into the outer or objective end of the telescope. In 
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such a case, a hat or other object so held as to shade the objec 
live lens will increase the visibility. The tubular sunshade 
should always be on the instrument when in use. It serves the 
foregoing purpose of shading the objective lens, prevents rain 
and dust from falling on the lens, and better balances the* 
telescope* as it rotates about the horizontal axis. 

102. Signals. Some* set of definite signaling to and from 
the transit man must be adopted, since much of the work in¬ 
volves long sights where calling to one another is impractical. 
The following are commonly used, supplemented by such 
special signals as may be needed: 

Give Line. The flagman holds the flag horizontal over his 
head, across the line of sight, then brings it to a vertical 
position in front of him. For exact line, the top of the flag 
is waved back and forth across the line of sight. 

Pick up Transit. The party chief extends both arms outward 
below his shoulders and raises them suddenly. 

Move Point to Right or Left. The transit man’s appropriate* 
arm is extended level with the shoulder. A quick motion 
demands a considerable movement, a slow movement only 
a slight movement of the flag. For short sights, the palm 
of the hand may be turned in or out. 

Plumb the Flag. The transit man extends one arm vertically 
and inclines it in the direction towards which the flag should 
be plumbed, as shown by the vertical cross-hair. 

All Right. Both hands an* extended horizontally and moved 
up and down. 

103. Prolonging a Straight Line. Several methods of pro¬ 
longing a straight line are shown in Fig. 103. 

Single Sighting. The transit at B is backsighted at A and 
plunged vertically. If the line of sight is not perpendicular to 
the horizontal axis (see page 137) the point (\ as lined in by 
the transit is not on a true straight line produced. When the 
transit is moved ahead and set up at and similarly manipu¬ 
lated, the error accumulates at I) j, and so on. This error may 
be minimized by backsighting with the bubble down on the 
first set-up, then back-sight ing with the bubble up at the second 
set-up, and so on alternately. 
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Double Sighting. This is the method in general use. At the 
set-up at B the transit is backsighted on A with the bubble 
!,»\vn, plunged vertically, and C t is set. The transit is then 
♦solved horizontally and backsighted on A, plunged verti- 
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"ally, and C« is set (bubble* down). C is set halfway between 
r \ and Cm, truly on the* straight line produced. This procedure 
^ repeated at each new set-up. In addition to eliminating the 
■djustnient error of single sighting, the second plunging assurer 
1,(1 instrument man that no mistake* has been made*, such as 
‘ f, e plat(»s sli])ping during the plunging, or the* tripod settling 
' 1 being disturbed. 

Balancing In This is us(*d where A and C an* not inter- 
^ible and it is desired to establish B on the straight line 
* ‘tween them. After single sighting with the transit approxi¬ 
mately on line at Bu the distance CiC is estimated and the 
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transit moved proportionately to /I 2 , which is nearer to, but 
not exactly on, the true straight line. The estimated error C 2 f 
is less than C\C. This process is repeated until the transit is 
sufficiently close 1 to B and is then finally checked by double 
sighting. The 1 final transit movement may be made by loosen¬ 
ing the footscrews and shifting the head of the transit. 

104. Passing Obstacles. The transit is generally available 1 
for passing obstacle's but the same procedure may be less rapidly 
and le'ss precisely accomplished with the tape* only. The ce>m- 
pass offers a le'ss precise but more 1 rapid method of passing 
obstacles by running the line 1 to the obstacle and them setting 
up beyond the obstacle, without the 1 use 1 of a backsight. 

Se*ve*ral transit methods of carrying alignment and distance 
around obstructions are shown in Fig. 104. In all case's the 1 
line 1 is be'ing run from le'ft te> right along the* solid line's. 

Equilateral Triangle. Ne> computation of distance is neces¬ 
sary sine*e' the 1 obstructed line BI) is equal to the measured lines 
BC and CD. Sixty-ele'grec transit angle's are turned at B, C, 
and D. 

Simple Triangulation (as for example 1 in a river cre>ssing). 
Angle's are 1 measured at A anel A i (sometimes also at B as a 
check) and the 1 distance 1 A A i measured. AB is then computed. 

Auxiliary Line. The 1 angle* or is a small one 1 . AC is computc'd. 

Offset Line. Transit set-ups are made at A y B , B u C i, C, 
and 1). No angle is turne'd at B i, a straight line* be'ing pre>- 
duecd to C\ and D\ aftc*r backsighting at A i, whie*h is set by 
measuring a right angle* offse't te> A i from .1. The* right angle* 
at Ci is measured from A i e>r D\. No angle is turned at C but 
the* line* CD is pre>eluecel ahead by sighting at /), which has been 
previously se't by right angle* offset from D\. r rhe object of all 
of this proecelure is to establish me>re ]mcist*ly the direction 
ahe*ad by lemg backsights (.1 \B\ t 1 iCi, and CD) rather than te> 
depc'nd e>n short sights (BB U BiCu and CiC). The* shorter 
sights lessen the precision e>f the directieni se> established. A i 
is se*t as far as possible* from B i, anel similarly D i is set as far a< 
possible 1 from Oi. 

Random Line. Here A and C are* established on the ground 
but C cannot be seen from *4. The straight line AB\C\ is run 
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in u guessed or random direction towards the assumed position 
of (\ The offset C\C is measured, after running the random 
line, and any intermediate point on the random line, for example 
H i, may he .set over a computed proportional distance H\B to 
establish li on the* true line. The airing offset C(\ is measured 
hy swinging a tape from C as center and noting from the transit, 
sav Ml ,1, when tlx* shortest offs(*t distance comes tangent to 
tlx* line of sight Other methods of measuring the* right-angle 
offset * may he used. 

105. Measuring Vertical Angles. Vertical angles are meas¬ 
ured in a vertical plane in a manner somewhat similar to hori¬ 
zontal angles except that the transit is not constructed so as 
to permit repeating tlx* angle, and except that tlx* vertical 
angle is measured from a horizontal plain* in every cast*. 

Since the angle is measured from a horizontal plane, it may 
he either plus (upward) or minus (downward), and the plus 
or minus sign must always he* recorded in tlx* notes. It is not 
permissible to omit tlx* plus sign since the person using tlx* 
notes cannot decide whether tlx* omission was intentional 
or whether the recorder perhaps neglected to show a minus 
sign. 

(Jenerally tlx* vertical angle is required of a line between 
two stakes or points over one of which tlx* transit is sot up. 
Here a love! rod, stadia rod. or flag polo is held on the stake 
under tlx* transit and, by leaning tlx* rod outward, a target is 
set at tlx* height of tlx* horizontal axis. If a target is not avail¬ 
able. a piece of paper or card may be attached to the rod with 
a thumb tack or an elastic hand. If tlx* second point is close 
enough to tlx* transit to lx* read directly, the target or card 
may he omitted. Here tlx* transitman may measure the height 
from the stake under his transit to the horizontal axis with a 
rod or tape. It is possible to mark .‘V, 4', and o' and the tenths 
of feet downward on one log of the transit so that the plumb 
bob may be swung against the leg, and so that the reading on 
tlx* leg is the height of instrument (H.I.), as shown in Fig. 105. 
This is a useful device, as the transitman is frequently required 
to determine the height of instrument without recalling the 
rodman to the transit. 
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The rod is then held on the second stake and the center 
horizontal cross-hair is brought onto the target or otherwise 
determined ILL The line of sight of the transit is now parallel 
to a line connecting the two points and consequently the verti* 



cal angle read is equal to the vertical angle from a horizontal 
plane through the first point, to the second point, as shown in 
Fig. 105a. 

Of course, not infrequently, the vertical angle to the point 
itself may be measured. 

There are three methods of measuring vertical angles, all 
appropriate under varying circumstances and requirements: 

1. Closely approximate vertical angles an* obtained by sighr¬ 
ing the center horizontal cross-hair at the distant point (more 
>ften at the II.I. on the rod above it) and reading the vertical 
circle, after it is certain that the plate bubble is centered. The 
nl» f e bubble is rigidly attached to the frame holding the vernier 
and they move together. That plate bubble which is parallel 
to the telescope, therefore, determines the horizontal plane 
rom which the vertical angle is measured. Unless this bubble 
s in the center, in adjustment, and sensitive, the measured 
crtical angle will reflect these usually small errors. The adjust- 
nent referred to is that mentioned on page 111, which places 
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the vernier reading at 0° 00' when the line of sight is horizontal 
and the plate bubble is in the center. 

On some transits, and on most modern plane tables, an extra 
bubble of about the same sensitiveness as the telescope bubble 
is firmly attached to the vernier. This bubble and the vernier- 
may Ire moved together with reference to the plates and stand¬ 
ards by means of a slow-motion screw. The vernier is adjusted 
to read 0° 00' when the vernier bubble is centered and the line 



of sight is horizontal. In reading vertical angles, the transit is 
sighted at the distant point and the vernier bubble is brought 
to the center with the slow motion screw. It will be noted that 
the plate and telescope bubbles need not be exactly centered, 
sensitive, or in adjustment where a properly adjusted vernier 
bubble is used. 

2. When no attached vernier bubble is available, an equally 
precise method is to level the plates with the plate bubbles, 
point the telescope to the distant point and read the vertical 
angle, then raise or lower the telescope* until the attached tele¬ 
scope bubble is centered, and again read the* vernier. It is 
jM)ssible that an index correction of a few minutes, plus or minus, 
will be read instead of 0° 00', and this correction must be 
added to, or subtracted from, the observed vertical angle. If 
the index correction is due to a misplaced vernier, it will be a 
constant amount for all vertical angles. If the correction is 
due to incorrect adjustment of plate bubbles, it will vary as 
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iIn' transit is rotated about the vertical axis. It is essential that 
die line of sight be horizontal when the telescope bubble is 
centered, as described in the two-peg test on page 139. It will 
he noted that lack of sensitivity or centering of the plate bubble 
does not enter into this measurement of vertical angle. 

:>. The surest and most precise method is to level* the transit 
with the telescope or plate bubbles and to read the vertical 
ciicle with the center horizontal cross-hair sighted at the distant 
point. Then, without releveling, plunge the transit vertically 
and turn it through 180° horizontally, and again read the 
vertical circle with the transit sighted at the distant point. 
The mean of the two readings, one taken with the telescope in 
its normal position and one with the telescope inverted, is the 
true value of the vertical angle. This process eliminates all 
errors of adjustment and minimizes possibility of mistakes since 
the reading is taken twice. It is suggested that the reader, 
after studying the adjustments of the transit on pages 135 to 
112, follow through the line of reasoning which leads to the 
conclusion that all errors of adjustment are thus eliminated. 

It should be noted in measuring vertical angles that the 
graduated circle moves as the telescope is raised or lowered, 
and the vernier remains stationary. This contrasts with the 
measurement of horizontal angles, where the vernier moves with 
the telescope as it is rotated horizontally. 

106. Checking Angles by Magnetic Needle. In the various 
forms of field notes shown in Figs. 96a, 97a, 99, 201a, and 204a, 
it will be observed that provision is made for reading and record¬ 
ing the needle reading. The deflection and direct angle notes 
contain a column for calculated bearings which are computed 

* More definitely, this means to make the vertical axis of the transit vertical 
hy one of the following two processes. 

1 Leveling the tiansit with the plate bubbles, reversing 1S()° in azimuth and 
bunging the plate bubbles half way back to center with the footserews. 

2. Leveling the transit approximately with the plate bubbles; then center¬ 
ing the telescope bubble, reversing the transit 1S0° in azimuth, and bringing the 
telescope bubble half way back to center with the footserews. The procedure is 
fepcated over the other set of footserews. This is the more precise method, since 
the telescope bubble is more sensitive than the plate bubbles. 

It will l>e noted that the bubbles need not be in adjustment. If out of adjust¬ 
ment. they will not be in the eentei when the vertical axis is vertical; rather 
they will remain exactly the same distance off center throughout a complete 
ievolution in azimuth of the horizontal plates. 
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to the nearest minute from some line of known bearing, b\ 
means of the successive transit angles. Should these calculated 
hearings not agree, at least roughly, with the needle readings, 
the discrepancy must be rectified before leaving the set-up. 

Azimuth notes may or may not contain a column for needle* 
readings, but the needle is occasionally read and compared with 
the observed azimuth. This computation may be made men¬ 
tally; for example, an azimuth of 207° 18' is a bearing oi 
X 27° 18' K. 

Some engineers read the needle at every set-up and souk 
only occasionally, depending on the skill of the transitman, on 
the time available*, and on the difficulty involved in going back 
to read an angle* which may have proved to be wrong. 

107. Establishing Points in a Vertical Plane. When the 
telescope is rotated vertically (about the horizontal axis), the 
transit will generate a vertical plane* emly if it is in aeljustment 
and if the plate bubble parallel to the he)rize>ntal axis is suffi¬ 
ciently sensitive. The telescope bubble may be* used for adeled 
precision. 

To eliminate all errors of adjustment, level the transit (fol¬ 
lowing erne of the procedures of the footnote em page 128) and 
sight at a point A. Raise or lower the telescope and set point 
B. Reverse the* transit in azimuth and altitude* and again sight 
A. Raise or letwer the* te*le*scope and se*t point B' opposite B 
A point half way between B and B f is in the same vertical plane 
with A, regardless e>f adjustments. 

For important vertical plane work, a precise striding bubble, 
which clamps em to the* horizontal axis may be obtained. 

108. Intersecting Lines. Give*n twe> line*s em the ground, 
AB and CD in Fig. 108; re*quired their interse*e*tion G. 

1. With the transit at (\ prolong DC and se*t stakes E and V 
(with nails or tacks) a fe*w fe*e*t on either side e>f BA produced 
(BA be*ing produced by the man setting the stakes who sights 
along .1 B by e*ye). 

2. Stre*te*h a string over tacks or nails which have been se*t 
not quite flush in the te>p.s of stakes E and F. 

3. Se*t the transit over A and prolong BA to an inte*rse*ction 
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uth the string, establishing a tacked stake under the string 
md on line with the transit, at (?. 



109. Locating Buildings and Improvements from a Transit 
Line. The general idea is to locate the building or improve¬ 
ment definitely, preferably with at least one check measure¬ 
ment more than is actually needed to plot it on a map, and to 



1“ this with minimum work. In taking the field measurement, 
onstantly keep in mind the way in which these measurements 
ill be used in plotting the data. One or more of the following 
’ lea.surements will be used, according to circumstances, to 
K*ate any required point (Fig. 109): 
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(a) By stilt ion and right angle offset (rectangular coordinates). 

(b) By station, angle 4 , and distance (polar coordinates). 

(c) By angles from two known points (usually stations). 

(d) By distances from two known points (usually stations). 

(e) By a range tie (sighting along the object from the transit 
line, which also gives direction) and a distance from a known 
point. 

(f) By a swing offset (determining the 4 shortest distance 
from a point to the 4 transit line 4 ) and a distance from a known 
point. 

(g) By intersection with the 4 transit line. 

(h) By combinations of the 4 above. 

As prcviemsly stated, at least one che 4 ck tie or check dimen¬ 
sion should be taken on each e>bject. Such checks are omitted 
fre>m Fig. 109 se> that, the various methods may be shown more 
clearly. 

110. Angular and Distance Errors. Surveys involve both 
angular and distance measurements. It is desirable that some 
iele*a of the 4 relative size 4 e>f the involved e 4 rre>rs be ke 4 pt in mind, 
since it would e>bviemsly ne>t pay to spe 4 nd considerable time 
and money in obtaining a much greater de 4 gree of precision in 
angle's than in distances, and vie*e 4 versa. 

After a transit is se 4 t up, it will usually give the value 4 e>f an 
angle 4 te> the nearest minute with little or no added time 4 e>r 
cx]>ensc. One minute of angle will move 4 a point se>me 4 3400 fee 4 t 
away erne fe>e»t to the right or le 4 ft. The taping should there 4 fe>re 4 
have a precision of about one fe>e>t in 3400 fe 4 et e>r 1/3400 in 
order te> be 4 e>f the same order e)f precision as angles measured 
te> the 4 nearest minute. Sine*e transit angle's are usually ine 4 as- 
ure»d se)ine 4 what more 4 precisely than to the nearest minute, due 
te> doubling the 4 angh 4 , e*e)mpe 4 nsating e 4 rre>rs, and so em, the most 
common ieie 4 a as to precision e)f tai>ing in transit-taj)e traverse's 
is abemt eme fe>e>t in 5000 fi 4 e 4 t or 1/5000. 

A similar line e>f re'aseming, although with different de'gm'S 
e>f precision, may be 4 applies! te> trave*rse 4 s run by transit ne'e'dle 
and stadia, or by e>the'r methods. Little time or money should 
be 4 expe 4 neie 4 d in measuring angles more precisely than distances 
are measured, or vice versa. 
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PROBLEMS 

1. (a) A transit at point A is sighted toward a point B, which is 30 feet 
away. If cither the transit or the sighted point is 0.05 foot out of line, what 

the angular error in the direction of the sighted line? (b) The same as (a) 
except 3000 feet and 0.05 foot? (c) The same as (a) except 40 feet ami 
0.10 foot? (d) The same as (a) except i mile and 1 foot? (e) The same as 
(a) except 550 feet and 0.75 foot. Ana. (a) 5' 44" 

2. It is important to check many engineering and surveying computa¬ 
tions roughly and mentally. Do this for Problem 1, using the radian con¬ 
ception, but no tables. 

3. (a) In precisely laying out a building 500 feet square on the ground, 
a base of 500 feet i.-> measured along one side and a perpendicular is erectej 
at one end of the base with an ordinary engineers' transit reading to th r 
nearest minute. On measuring this angle by repetition, we find that its 
value is 89 f 59' 40". How much should the end of the line 4 be offset in order 
to give an angle of exactly 90 ? (b) The same as (a) except 90 l 00' 15"? 

(c) The same as (a) except 89 f 59' 30"? (d) Tin* same as (a) except 90° 

(MV 40"? A ns. (a) 0.048 foot 

4. (a) In order that angulai precision may be consistent with taping 

precision, how closely must angles be measured to correspond with taping 
having precision of the order of 1/10,000? (b) 1/20(H)? (c) 1/5000? 

(«1) 1/20,000? A ns. (a) 20" 

5. (a) Twenty spaces on a transit vernier are equal to 19 spaces on the 
mam circle, the smallest space on the main circle being 20 minutes. What 

the least count of the vernier? (b) The same as (a) except 30 spaces 
equal to 29 with a minimum main circle space of 15 minutes? (c) The 
'.‘lino as (a) except 15 spaces equal to 14 spaces, with a main circle mini¬ 
mum space of 5 minutes? (d) The same as (a) except 00 spaces equal to 59 
spaces, with a minimum main circle space of 10 minutes? 

A ns. (a) One minute 

6. (a) A transit is sighted at a point 1800 feet away and turned through 

an angle of 0" to another point 18(H) feet away. What is the arc distance 
h< tween the tw r o distant points? I'se no tables, (b) The same as (a) except 
2700 foot and 8°. (o) The same as (a) except 5729.6 feet and 1°. (d) The 
same as (a) except 5280 feet and 1°. (e) The same as (a) except 1500 feet 
and 4° 15'. A ns. (a) 188.5 feet 

7. (a) In Fig. 104, fy’ = 121.7 feet, Afh-2817.4 feet, and AA, = 1314.0 
ieet. Tn order to set the random stakes over onto the true line, compute 
A(\ AH, li\B, and the* angle at A. (b) The same as (a) except C\C 
= 58.4 feet, A(\ = 3782.3 feet, and AB X = 1618.8 feet, (c) The same 

a* (a) except C\C = 86.2 feet, A(\ - 849.7 feet, and AB\ — 94.9 feet. 

(d) The same as (a) except Cif 1 = 8.4 feet, A(\ = 1413.5 feet, and AH\ 

- 1249.4 feet, Ans. (a) 2820.0 feet, 1315.8 feet, 56.8 feet, 2° 28' 

8. In order to form the habit of making rough mental checks of results, 
compute the approximate values called for in Problem 7 without using 
tables. 
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9. (n) Fill in the blanks in the following iitblo. Answers are shown in 

italics 


1.1 N1 

\/IMl III 

0 I*. " 

1 

i/I I 1 I < 1 ION 
\N(.I t 

1 Dihm i 

\\(.l 1 

! Hi mitm. 

i 1 H \ 

271 I.V 

, ■>> 

1 ir, if 

s ss 

1 IH 

25S Pi' 


/;; .i.r 

A ~jS ' f ti' K 

\ <l> ' 

1 ISI 25 

etc 

etc 

<‘TC. 

1 DK ! 

! S5 51' 

Measuied Right 

Measuied olnek- 


I Kb' ! 

25 57' 

| oi Lett (It oi 

w is(‘ fiom tie* 


/M i 

527 02' 

I I.) 

ha< knight 



( 'IlCI ks 

(h) Tho s,imc .is (a) except use (Ik* follow iiik ii/miutlis beginning with AH 
ami ending ,uth I'A 1 13 IS', 220 12', 211 2S\ 1117 51', 7 It)', and 
I7h .TV (e) The same as (a) except 5S 17', 03 2S', 515 12'. 501 59', 
211 30', and 105 17' (d) The same as (a) ex< ept 57 5S', 100 Hi', 5S 52', 
517 51', 205 51*', and ins 15' 

10. (a) (’(impute the tirn* \alue of the angle AIK* in tli(‘ following field 
notes when* the anvil's ha\e been «1oiiI>|«m1 (tolesc<>|io noimal on tho fust 
leading and mxeited on the second leading) Tho old transit has eceontno 
c(*nteis, and'oi \einu‘is not ISO apait Ximweis aie shown in italics. 


Tiansit at f" H 


\o (II \ I UN 11 Ils 


On it ( i 

I 1 1 1 S( OIM I 

Mi \*a in ' 





\m.u. , 

1 

| 


Ml Ms 

i 

i 

H 

Mi in 

1 

i 

! D i 

1 \ 

0 

0 

(MV 

ISO 02' 

0 Of 


l r r 

A T 

1 

02 

10' 1 

252 15' 



! ' » A 

/ 1 



i 




1 or 

' *; 

2 1 

1 121 

21' 

501 25' 

Iff V' 

ti' W f .in" I 

_ _ _ i 


(1>) Same as (a) but (c) Same as (a) hut (d) Same as (a) but 

using following notes* using following notes* using following note's: 


0 

00' 

170 

57' 

0 00' 

ISO 

01' 

0 

IK)' 

170 

58' 

48 

11' 

22S 

57' 

211 51' 

51 

31' 

1S2 

12' 

2 

ir 

07 

20' 

277 

IS' 

03 03' 

243 

OS' 

4 

25' 

184 

25 
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ADJUSTMENT AND CARE OF INSTRUMENTS 

111. Selection and Purchase of Instruments. Instruments 
should, of course, bo selected and purchased by experienced 
engineers <>r surveyors, if possible. Their advice should be 
nought by the novice in much the same' way that expert opinion 
and experience is looked to in selecting any mechanical equip¬ 
ment. Information regarding specifications and prices is avail¬ 
able in catalogs and price* lists. Used instruments are always 
available* and wheat selected by e*xpcrie*ne*e*el meat, are* usually 
satisfactory. It is safest, particularly for the* inoxperieaiea'd, to 
purchase* from well-establisheel firms. Instrumeaits ])ure , hase*d 
I mm olel and re*liable* makers are almost always ele*penelable. 

The* precision of the bubbles eif the* instrument should be noted. 
Most use\s of instrumeaits, e*xce*pt the ordinary measuremeait of 
horizontal angles, require ge>e>el bubbles. 

The ease with which the* graduations on the circles and on the 
\erniers are read is important. 

Illumination refers to how we*ll the image appears to be 
lighted. 

Definition has to do with sharpness of eletail. 

The* magnifying power of the te*le*scope is the ratio of the size 
of any object as viewed through the telescope, to the size as 
'ie*we*d by the naked eye. Instrumeaits for leveling or stadia 
ttork should have high magnifying powe*r. 

The field of view is the* space whie*h earn be* se*en through the 
n*le\se*oj)e. It is measured as the* angle* betwe*e*n the oute*r limits 
»f the* fie*lel of vie*w, the* vertex of the angle being at the te*lc*- 
' f, ope. A wide*r fic*ld of vie*w in the usual surveying instrument 
i(‘c<*^sitate*s lower magnifying power, and vie*e* ve*rsa. In mining 
M r unelea-ground work, a low magnifying pe>we*r is sufficient as 
’he sights are short, and instrumeaits of this sort may have* a 
ide field of view. 

The type* of instrument be*st Miited to the* work to be eleme 

129 
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is best selected upon advice of engineers or surveyors experi¬ 
enced in that particular work. 

Many types and grades of instruments are available from 
many manufacturers. That one should be chosen which is 
b^st adapted to the work in hand. The great majority of tran¬ 
sits, levels, and compasses are not made for specialized types 
of surveys, but are designed to give good all-around service. 

The various parts of an instrument have usually been designed 
by the manufacturer so as to give a consistent and uniform 
degree of precision throughout the instrument. For example, 
the sensitiveness of the bubble tube and the magnifying power 
of the telescope on a level should be so designed that a barely 
perceptible movement of the cross-hair on the level rod, when 
the rod is held at the usual maximum length of sight, will be 
accompanied by a barely perceptible movement of the bubble. 

112. Care and Use of Instruments. Surveying instruments, 
particularly the transit and level, are delicate and precise and 
consequently must be handled carefully. In a building or in 
timber, the instrument should be carried in the arms, not over 
the shoulder, to avoid striking it against some object. The 
instrument should be removed from the tripod and carried in 
the lap or in its box when transported in an automobile. The 
screws should be lightly clamped when carrying it so that if it 
does strike some obstacle, it will be free to turn. If unclamped, 
the instrument is awkward to carry, since it will be continually 
swinging to and fro. 

In the field, the tripod legs should be spread well apart and 
sunk securely in the ground. This will minimize danger of 
damage from overturning and make the instrument more stable, 
particularly in a wind. The instrument should not be left 
unguarded where it may be damaged by traffic or by curious 
livestock. 

It is well to carry a light waterproofed silk bag into the field 
when rain or dust threatens. The eyepiece slide may be closed 
and the dust cap placed over the objective, but the bag forms 
an added or better protection in the field. Should the lenses 
become wet they should not be wiped but must be allowed to 
dry. Neither should dust be removed from the lens except by 
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.t light dusting with a carnePs-hair brush or a soft silk rag, pref¬ 
erably the former. Any rubbing will dull the lens. It is best 
not to unscrew the objective lens, since this necessitates test¬ 
ing and adjusting the line of sight. 

The graduations on the horizontal and vertical circles and 
verniers must not be rubbed with a rag, as this will dull the 
graduations. Light dusting with a soft brush across the gradu¬ 
ations is sometimes helpful. A light rubbing with a soft oiled rag 
is occasionally useful. Should the glass plate covering the grade- 
ations become fogged with dampness, it is sometimes possible 
to dry it by holding a match or flash light over the glass. If 
the eyepiece or objective lens becomes damp or fogged, there is 
no quick process of drying except to place it in warm dry air. 

All of the movable operating screws on the level and transit 
or other surveying instruments are turned with the thumb and 
forefinger and it is easily possible to turn them so tightly as to 
injure the threads. They should be turned only so tightly as 
to hold the instrument from slipping, and this is about as tightly 
as can be accomplished with the forefinger only. 

If the screws or centers do not turn easily, it is necessary to 
take the instrument apart, clean the parts, lubricate them with 
a small drop of watch oil or other fine-grade oil, and to wipe 
off the surplus oil. A special lubricant for very cold weather 
may be obtained from instrument supply houses. If this does 
not remedy the difficulty, it is probable that the parts have 
been strained or scratched by grit, and the instrument must be 
repaired by the manufacturer or by a competent repairman. 

Minor repairs, particularly tape repairs, should be made in 
the field. A few small tools and supplies are necessary. Even 
crude repairs will often suffice until a new instrument can be 
obtained. In shipping by freight or express, the box must be 
filled with paper or cloth so that nothing can roll around in the 
box. Small articles should never be packed in the box with the 
instrument. The instrument box must be enclosed in a larger 
wooden or corrugated cardboard box and packed with excelsior, 
hay, or other padding. 

113. General Importance of Adjustments. The adjustments 
’ f the instruments are of the greatest importance in the study 
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and practice of engineering surveying. It is essential that an 
instrunientman be; capable* of testing and adjusting his instru¬ 
ment, since it is difficult or impossible to make most engineer¬ 
ing surveys with a poorly adjusted instrument, and no one but 
tlie* instrumentman himself is ordinarily available to make the 
test.*. and adjustments. Most modern instruments are quite* 
stable* and elo not ne*eel adjustment frequently, but it is impos¬ 
sible* to pre»diet whe*n such a necessity will arise*. 

The* only safe* rule* is to keep the instruments in good adjust¬ 
ment and then to use thnn as though they were out of adjustment , 
that is, to adopt an instrumental procedure which will cause* 
any errors of adjustment to balance* or eliminate* themselves. 
Such proe*e*dure*s are* sugge*sted late*r in this chapter after each 
description of adjustments and also in that chapter which is 
concerned with the* use* e>f the* instrument in question. In oreler 
so to use* an instrument as te> eliminate such emirs, it is essential 
to understand the* principle's of adjustments. 

The fundamental principles underlying the adjustment of 
surve*ying instruments are the same as theise upon which the 
adjustment of many scientific instruments of precision are* 
base*d. A mastery of those* principle's covered in this chapter 
will give an ide*a of the construction and the adjustments of 
pre'fise* scientific instruments in general. 

Meist e*e)lle*giate, civil service*, e>r either surve*ying and engi¬ 
neering examinations include questions re*gartling adjustments, 
both because' eif their importance and because* such questions 
bring out the capacity of the candidate te> reason cle*arly anel to 
t'xpmss somewhat inveilveel preice'sses in good English. Ve*ry 
ge*ne*rally the man without technical training or study is weak 
in this matter, although he may be proficient in field work of a 
routine or rule-of-thumb nature. 

114. Field and Shop Adjustments. The instruments are 
designed to pc'rmit most of the nc*cessary adjustments to be 
made e*ithe*r in the field or in the factory. The shop adjustment, 
made on the bench in the instrument shop, is relatively inex¬ 
pensive and entirely satisfactory except that since no shop is 
usually available nearby, considerable delay results due to 
packing and shipping the instrument. Shop adjustment is 
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usually made in connection with the manufacture or repair of 
instruments only; all other adjustment is left to the instrument- 
man in the field. 

Should an instrument be dropped or otherwise' injured, or if 
it is considerably worn, it may be difficult or impossible to make* 
.sufficiently precise surveys with it because' the* improper rela¬ 
tion between parts cannot be adjusted in the* fie'lel, but must be 
remedied by the repairman in the shop. An example e>f this 
occurs when the e*e*nte*rs e>r axe's about \\liie*h the instrument 
revolves bind e>r become loeise* e>r untrue, it is then ne'ce*ssary 
for a skilled mechanician te> turn elemn the centers en a lathe', 
or to e*e]uip the' instrument with ne*w e*eiite*rs; and it is, e>f e*emrs<\ 
nerc'ssary to return the instrument to the* make*r e>r te> a we*ll- 
<*e(iiipped instrument shop. This w eirk should ne*ve*r be e'litruste'el 
to an ordinary mechanic. Sued defects are* se*lelom found in the' 
hette'r graele instruments w lien they are new. 

115. Focusing the Eyepiece of Any Transit or Level. Due* 
to inelivielual differences in eye'sight, if is essential that tho 
cy<*pie*ce erf the* instrument be properly fen-used to the eye of 
tic* pe*rson using the instrument. ()ne*e* the* e*ye*])ie*e*e* is focused, 
no flirthe*r attention is ne*eded until another pe*rson wishes te> 
us<* the instrument e>r until the focus of the* e>bs<*rve*r’s eye 
change's. Te> seemre a goed locus, ])re)e*e*t*el as follows. Doint the* 
instrument tenvarels the sky, te wards a white wall, e>r towards 
a white* eard or nerfchook page held a few fee*t in fremt erf the* 
instrument. Me>ve the e*ye])ie'e*e inward en- outward until the* 
cross-hairs appe*ar sharp and black. On some* instruments this 
is accomplished by turning a knurled ring near the eycpie*ce*, 
n mejst instruments by turning the* eyepie'cc* itse*lf which me)V(*s 
m anel emt em a sj)irak*el thre*ael, and in a lew e>lel instruments 
ly an eyepieve focusing screw similar to that which fewuscs 
the objective lens at the fremt end erf the telescope. 

This results in an approximate fe>cus of the eye*picce which 
diould be* further refined to eliminate parallax (the apparc*nt 
movement of the object sighted at when the eye is moved up 
anel down or sidewise) as follows. By means of the focusing 
screw near the fremt end of the telescope, focus the objective 
lens upon a sharply defined object, such as a level rod, located 
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some 300 feet from the instrument. Run the objective lem 
(at the front end of the telescope) slowly back and forth until 
there is no apparent movement of the object (no parallax) as 
the eye is moved up and down, or sidewise. The objective 
image and the cross-hairs are now in exactly the same plane, 
and the objective lens is properly focused. Should the object 
appear sharp, the eyepiece is also properly focused. If not, 
refocus the eyepiece slightly until the object appears sharp and 
the cross-hairs will now also appear black. No parallax will 
now exist 

116. Understanding of Adjustments. Frequently the prac¬ 
tical surveyor, and unfortunately occasionally the technically 
trained and educated engineer, make the adjustments in a rule- 
of-thumb manner without knowing what they are doing or 
why they an* doing it. Such procedure is objectionable. The 
engineer should visualize* each step in the adjustments much as 
he visualizes a problem in descriptive geometry. To aid in this 
visualization, each adjustment hereafter will be analyzed and 
treated in four parts, as follows: 

The statement of the adjustment. In the* particular adjust¬ 
ment under consideration wiiat relation is necessary between 
what lines or planes of the instrument? 

(a) lIow r is this relation tested and detected? Two pencils 
manipulated in the hands will frequently aid in understanding 
these relations better than will an attempt to draw or study a 
figure. 

(b) What screws must be turned, or other adjustment made 
on the instrument, in order to bring about the required rela¬ 
tions? 

(c) How may the unadjusted instrument be used so as to 
eliminate errors of adjustment ? 

An instrument may appear out of adjustment simply because 
some part is loose — the wing nuts on the tripod may be loose, 
the triport may not be firmly set up, the object glass may be 
partly unscrewed, an adjusting screw’ may be only partly tight¬ 
ened, or level bubble* or crosshairs may occasionally become 
loosened. Watch for such defects both before and after adjust¬ 
ing the instrument. 
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Placing the hands on the tripod or moving the feet while 
Mating may cause the line of sight to move. It is well to try 
this out so that the necessity for avoiding these pressures may 
he thoroughly realized. Avoid unequal beating of one end of the 
bubble tube by breathing or placing the hand on it, since this 
may cause the bubble to move considerably. 

An adjusting pin of proper diameter must be provided to fit 
the capstan nuts of the instrument under adjustment. 

117. Field Transit Adjustments. 1 . To make the plate bubbles 
(the tangent to the bubble tubes at the center of their gradua¬ 
tions) perpendieular to the vertical axis (or spindle), so that the 
vertical axis will be vertical when the bubbles are centered, and 
so that the bubbles will stay centered as the instrument is turned 
horizontally about the vertical axis. 

(a) Set up the transit and bring the plate bubbles to their 
centers, each bubble being parallel to a set of foot screws. Re¬ 
verse the transit approximately 180° in azimuth (horizontally). 
If either bubble moves from the center, it is out of adjustment. 

(b) Raise or lower one end of the bubble tube by turning the 
capstan headed screw' with the adjusting pin until the bubble 
is brought half way back to the center. The bubble axis is now 
perpendicular to the vertical axis, although it is not centered. 
Adjust the other tube in the same manner. 

Bring both bubbles back to the center with the footscrews 
and note if they remain in the center during a complete hori¬ 
zontal revolution of the transit. 

(c) The plate bubbles should be kept in adjustment, since 
this is easily accomplished. If out of adjustment, or if one 
or both bubbles are broken, the vertical axis may be made 
vertical by using either plate bubble, or the telescope bubble, 
first parallel to one set of footscrews and then parallel to the 
other set of footscrew T s. In this procedure the bubble is cen¬ 
tered, the transit is reversed approximately 180° in azimuth 
(horizontally), and the bubble is brought half way back to the 
center with the footscrews. This is repeated over the other 
set of footscrews. The vertical axis is then vertical and the 
bubble should remain in the same position (not centered) as the 
instrument is turned through a full 360° in azimuth 
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To secure maximum precision in vertically of the axis (seldom 
needed, however), the sensitive telescope bubble should be used 
In this case, after the bubble* has been brought half way back 
to center with the footscrews, it may be fully centered with 
the vertical circle tangent screw. The bubble is also centered 
with the* other set of footscrews, after which the vertical axis 
will be quite precisely vertical, and the telescope bubble should 
remain centered during a 360° rotation in azimuth. 

2. To make the vertical cross-hair perpendicular to the horizontal 
axis of the transit, so that it will be vertical when the instru¬ 
ment is leveled and used. 

(a) Sight the upper or lower portion of the vertical cross-haii 
on a sharply defined point, such us the corner of a roof. Move 
the telescope upward and downward (rotating it on its hori* 
zontal axis) and note whether the point remains on the cross 
hair from top to bottom of the motion. If so, the adjustment is 
correct. If not, proceed as follows. 

(b) Slightly loosen all capstan screws which hold the cross¬ 
hair ring (or reticule) and rotate the reticule by lightly tapping 
one of the capstan screws until the vertical cross-hair remains 
on the point as the telescope is moved up and down. Tighten 
screws and check. 

(c) If these parts are out of adjustment, satisfactory results 
may lx* obtained by taking readings at the intersection of the 
cross-hairs. 

3. To make the line of sight * pcrpendicidar to the horizontal 
axis; so that the line of sight will generate a plane when revolved 
about the horizontal axis. 

(a) Sot up over .1 (Fig. 117) and center the plate bubbles. 
Sight on a well defined point B not less than 250 feet away. 
Transit the tilt scope (turn it upside down) and set point C. 
Reverse the telescope approximately 180° horizontally and again 
sight on B. Transit the telescope and set point D alongside 
of C. If C and I) coincide, the adjustment is correct; if not, 
proceed as follow s. 

(b) Set or mark a point E one-quarter of the way from D 


* The line of tight of a mn\ eying telescope is a sti night line passing thiough 
the intersection of the cioss-hairs and thiough the optical centei of the objective 
lens, as m Kig t»2. 



117] 


FIELD TRANSIT ADJUSTMENTS 


137 


towards C. By turning the horizontal capstan screws (slightly 
loosening the vertical capstan screws if necessary) shift the 
vertical cross-hair until it falls on E % and tighten the capstan 
screws. Repeat the test until C and 1) coincide'. Cheek the 
vertically of the cross-hair as provided in 2, since it may have 
shifted. 



Points A, B, C, D , and E should lie in approximately the 
same horizontal plane, or they should lie on some plane contain¬ 
ing the horizontal axis. It is desirable to have the points B 
and C as far as possible from A . 

(c) Even though the transit is out of adjustment, correct 
results may be had by setting a point midway between C and 
J), as described in § 103, page 116. 

4. To make the horizontal axis perpendicular to the vertical 
axis, so that the line of sight will generate a vertical plant' as 
the telescope is revolved in altitude (about the horizontal axis). 

(a) Set up and level the transit with the plate bubbles, 
giving particular attention to the bubble at right angles to the 
telescope. The plate bubble at right angles to the telescope 
mist remain in the center during both sightings, and it must 
be in adjustment, in which case the foot screws are not to be 
touched during the test. For a more precise adjustment, use 
the telescope bubble to make the vertical axis vertical. If the 
’W'rtical axis is not vertical, then the transverse bubble must be 
centered with the foot screws between reversals. Sight at a high 
point A. Depress the telescope and set a point B. Reverse the 
telescope in azimuth and altitude and again sight on the high 
point A. Again depress the telescope and set a point C along¬ 
side' of point B. Set a point D, by measurement, half way 
between B and C. It will be vertically under A. If B and C 
coincide, the adjustment is correct. If not. proceed as follows. 
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(b) Sight on D and raise the te'escope to a point opposite* 
A. Raise or lower the end of the horizontal axis by means oi 
the capstan screw at one end of the axis until the vertical 
cross-hair strikes A. Check and repeat until the transit will 
revolve vertically with A and D appearing on the vertical cross¬ 
hair. 

(c) Even though the instrument is out of adjustment, correct 
results may be had by using the point Z), provided the vertical 
axis is vertical. 

5 To make the optical center of the objective move (when focus¬ 
ing) in a straight line which passes through the center of the 
cross-hairs. 

(a) With the transit clamped in azimuth and in elevation, 
set points on the lino of sight about 10 feet, 300 feet, and 1000 
foot from the transit. Also road a level rod on the 10-foot and 
300-foot points. Reverse in azimuth and in altitude, sight on 
the 300-foot point, and clamp in both azimuth and in elevation. 
If the 10-foot and the 1000-foot points are on the vertical cross¬ 
hair, and if with the horizontal cross-hair set on the previous 
300-foot rod reading, the same reading occurs on the rod 10 feet 
away as was previously observed there, no adjustment is neces¬ 
sary. If not, proceed as follows. 

(b) Correct part of the error in the vertical cross-hair by the 
side screws holding the objective slide ring in place, and repeat 
until no error remains. In most transits, such adjustment is 
not possible, and the instrument must be sent to a competent 
instrument repairman. 

Correct the error in the horizontal cross-hair by a process 
similar to the foregoing, or by raising or lowering the horizontal 
cross-hair by means of the upper and lower cross-hair screws. 
The shift must be made by successive approximation. 

(c) When these parts are out of adjustment, correct results 
may be obtained by using points midway between the first and 
second sightings, as mentioned above. 

6. The eyepiece may be centered on the cross-hairs by turning 
the screws that hold the eyepiece ring until the cross-hairs 
appear in the center of the field. An exact centering is not 
required If no such screws are provided, this adjustment can 
be made only in the shop. 
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7. To make the telescope bubble (a line parallel to the tangent 
*>1 the bubble tube at the center of its graduations) parallel to 
the line of sight , so that the line of sight will be horizontal when 
the telescope bubble is centered. 

(a) Perform the two-peg test. Set two pegs or stakes between 
200 and 300 feet apart. Set the transit midway between them.* 
Take a rod reading on each peg with the telescope bubble cen¬ 
tered at each reading (Fig. 117a). The difference in the two 
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Fig. 117ft. Two-Peg Test. 


rod readings (3.94) gives the true difference in elevation between 
the pegs, regardless of whether or not the instrument is in 
adjustment. 

Now set the instrument at A, preferably the high peg, and 
read the rod (which is held against, or within half an inch of 
the eyepiece) by noting the rod reading opposite the center 
of the eyepiece hole. Some prefer to read backward through 
the telescope. This reading, plus or minus the true difference 
in elevation between the pegs as previously determined, gives 
the true reading on B (in this figure, 8.06 feet) which makes the 
line of sight horizontal. With the horizontal cross-hair on this 
true reading on the rod at B , the instrument is in adjustment if 
the telescope bubble is in the center. If not, proceed as follows. 

* If the instrument is thought to be in good adjustment and only needs test¬ 
ing, then the midpoint may be estimated by eye. If it is thought to be in fair ad¬ 
justment, pacing is sufficient. If in very poor adjustment, the midpoint should 
be set by rough taping. 
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(b) liaise 1 or lower one end of the tel (‘scope bubble tube with 
the adjusting pin, by turning the capstan nut, until the tele¬ 
scope bubble is centered. Finally check the true reading at B. 

(e) If the transit is used when it is out of adjustment, cor¬ 
rect differences in elevation an* obtained by setting it midway 
between observed points. 


_I_ tr7rue? f/or /zon/ -<7 / JL/ne 
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Two-Pko Test. 


Some engineers prefer another tiro-peg text of Fig 117b, as 
follows. 

(a) With the transit at one peg and the bubble centered, 
take readings on both pegs. Subtract one reading from the 
other to secure the apparent difference in elevation between 
the pegs. 

Move the instrument to the other peg and repeat. 

The mean of the two apparent differences is the time differ¬ 
ence in elevation between tin* pegs. The* last near reading, 
plus or minus (depending on which peg is the higher) the true 
difference in elevation as previously computed, gives the true 
reading on the* distant rod required to make the line of sight 
horizontal. For example: 

With instrument at A rod reads 4.18 on A 

n <» a u * i n 2.14 “ B 

Apparent difference in elevation 2.04 


With instrument at B rod reads 

it tt tt tt tt tt 

Apparent difference in elevation 

True difference in elevation 

Last reading on near rod 
Reading on .1 (with instrument at B) 
which makes the line of sight truly 
horizontal 


5.20 on A 
3.32 41 B 
1.88 

2.04 + 1.88 = ] 96 
2 

3.32 


5.28 
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> H7] 

(\\rTiON. In this second method, the two pegs must Ik 1 
e lected so as to have a considerable difference in ele\ation. If 
the difference in elevation is less than the error oj adjustment , 
then the foregoing explanation and example will not give cor¬ 
rect results. In such a case (with a small difference in elevation 
between the pegs), only a very careful study of a figure and a 
mtv careful computation, with careful attention to algebra;" 
^igns, will give correct results. 

With the horizontal cross-hair on thL true reading on the 
distant rod, the instrument is in adjustment if the telescope 
bubble is in the center. 

(b) If not, proceed as in (b), p. 1 10. 

(c) If the transit is used when it is out of adjustment, cor¬ 
rect differences in elevation are obtained if it is set midway 
between points observed. 

The first two-peg test (with the transit or level midway 
between pegs) is simpler to conceive in theory. Frequently 
only one extra set-up is needed since in most leveling opera¬ 
tions the instmment is set up midway between two points, 
and the test may lx* performed in connection with such opera¬ 
tions. It is best list'd when the instrument is thought to lx* in 
lair adjustment so that the midpoint may lx* estimated by eye 
or by ]lacing. 

The second two-peg test (with the instrument first at one 
peg and then at the other) may require two extra set-ups 
beyond ordinary leveling operations. The theory is difficult 
to understand, especially as mentioned in the foregoing Caution 
of this section. It is best used when tin* instrument is badly 
out of adjustment, in order to avoid measuring tlx* midpoint 
distance's; or for very precise work. 

S. To make the vertical circle vernier read zero when the line of 
sight is horizontal , when the telescopt bubble is centered , and when 
the plate bubble parallel to the telescope is centered , so that correct 
vertical angles may be read directly. 

(a) Level the transit, paying particular attention to the 
bubble parallel to the* telescope. Center the* telescope bubble 
carefully. It must be in adjustment. If the vernier of the 
circle reads zero the instrument is in adjustment. If not. 
proceed as follows. 
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(b) Slightly loosen the capstan screws holding the verniei 
and shift the vernier slightly by tapping lightly with a pencil 
until the zeros coincide. It should also be noted whether or not 
the 30 on the vernier corresponds with 29 divisions on the main 
vertical circle, at both ends. Thin paper inserted between the 
vernier and the main scale gives the proper space without bind¬ 
ing. Tighten screws and check. 

(c) When the transit is used when it is out of adjustment, 
correct vortical angles are obtained as described on pages 122 
and 123. 

9. Needle adjustment. See the adjustments of the compass 
(page 115). 

118. Shop Transit Adjustments. The foregoing adjustments 
are the ones usually made in the field. They may also be made 
quickly and cheaply in well-equipped surveying-instrument 
re‘pair shops. 

Another set of tests and adjustments, rarely necessary, are 
usually made in the shop. The necessity for such adjustments 
usually arises after the instrument has been damaged, as by a 
fall, or after it is worn. In either of these cases, the instrument 
should be gone over in the shop. A complete description of 
these tests and adjustments may be found in some texts and in 
some manufacturers’ manuals but here are only mentioned as: 

1. ('entering of the graduated circle around the vertical axis , so 
as to eliminate eccentricity. If uncorrected eccentricity exists, 
the mean of both verniers will give correct results. 

2. Setting the verniers exactly 180° apart. If a vernier is out 
of place, correct results may be obtained by always reading the 
same vernier, or by taking the mean of both verniers. 

3. Centering the eyepiece as described in § 117, test 6. 

4. Centering the objective slide, as mentioned on page 138. 

119. Field Adjustments of the Dumpy Level. 1. To make 
the bubble tube (the tangent to the bubble tube at the center 
of its graduations) perpendicular to the vertical axis. 

(a) Proceed as in transit adjustment 1 of page 135, but make 
the tests with the telescope bubble alternately over both pairs 
of footscrews. 

(b and c) Proceed as in transit adjustment 1 of page 135. 
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2. To make the horizontal cross-hair truly horizontal (per¬ 
pendicular to the vertical axis). 

(a) Level up, sight on a point, and rotate the telescope 
horizontally about the vertical axis. The horizontal cross-hair 
should follow the point, from end to end. If not, proceed its 
iollows. 

(b) Loosen the cross-hair reticule screws and rotate the reti¬ 
cule slightly by tapping with a pencil, until it conforms to (a). 

(c) If the level is used when out of adjustment, correct 
lesults may be had by using the intersection of the cross-hairs 
when sighting. 

3. Use the two-peg test described under transit adjustment 7 
cm page 140, except that instead' of adjusting the telescope 
bubble, thiit bubble is centered with the footscrews and the 
horizontal cross-hair is raised or lowered by means of the cross¬ 
hair reticule screws, until the correct reading is attained on the 
distant rod. 

L The eyepiece may be centered as described under transit 
adjustment 6 on page 138. 

5. The objective slide must be adjusted in the shop. 

120. Field Adjustments of the Wye (V) Level. 1 . The same 
as dumpy level adjustment 2, except that the cross-hairs of the 
Y level arc* not disturbed; instead, a stop-screw on one of the 
Vs is adjusted. 

2. To make the line of sight coincide with the axis of the Ys f 
sometimes called the axis of the collars or rings. 

(a) Loosen the Y clips and sight on a fixed point, such as the 
center of a tack, several hundred feet away. Rotate the telescope 
in the wyes about its axis, through 180° (upside down), and 
note if the intersection of the cross-hairs remains on the point. 
If not. proceed as follows. 

(b) Correct half of the error by the cross-hair reticule adjust¬ 
ing screws. 

(e) If the level is used wiien it is out of adjustment, correct 
differences in elevation may be obtained if the level is set mid¬ 
way between rod positions. 

3. To bring the tangent to the bubble tube into the same plane 
with the line of sight. 
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(a) Center the bubble and rotate the telescope back and 
forth a lew degrees in the wyes (around the axis of the wyes a> 
an axis). The bubble should stay centered. If not, proceed as 
follows. 

(b) Adjust by means of the lateral bubble adjusting screws 
until the bubble remains centered during such rotation. 

(c) The same as in 2 (c), preceding. 

4. To make the bubble tube (the tangent to the bubble tube 
at the center of its graduations) parallel to the bottom element 
of the wyis. 

(a) ("enter the bubble over a pair of footscrews, carefully 
reverse the telescope end lor end in the wyes, and note whether 
the bubble returns to the center of the tube. If not, proceed 
as follows. 

(b) Correct half of the error by means of the vertical adjust¬ 
ing nuts at the end of the bubble tube. 

(c) The same as in 2 (c), preceding. 

At this point it is well to note that adjustments 1, 2, 3, and 4 
of the Y level center the line of sight in the axis of the wyes, 
bring the bubble tube parallel to the bottom element of the 
wyes, and bring the bubble tube into the same plane with 
the axis of the wyes. If the axis and the bottom element of 
the wyes are parallel (if the wyes and collars are true and 
unworn), then the line of sight is parallel to the bubble tube 
and in tin* same plane with it, and the ) r level conforms to the 
major adjustments therefor. If the wyes and collars are not 
true, or an* worn, then this entire indirect method of adjustment 
fails and it is necessary to adjust the wye kvel according to the 
program of ad just mints described for the dumpy level. It is 
always safest to complete the Y level adjustments with a 
two-peg test, unless it is known that the wyes are in good 
condition. 

f). To bring the bubble tube and the line of sight perpendicu¬ 
lar to the vertical axis of the level , so that the bubble remains cen¬ 
tered as the telescope is rotated horizontally around the vertical 
axis. This adjustment is a convenience, not a necessity. 

(a) Iicvel up over a diagonal pair of footscrews. Revolve the 
telescope 180° horizontally about the vertical axis and note if 
the bubble remains centered. If not, proceed as follows. 
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(b) Bring the bubble half way back by means of the Y nuts 

tt the lower ends of the Us). Then fully center the bubble 
-Mug both pairs of footscrews, and note if it remains centered 
(luring a complete horizontal revolution of the telescope. 

(e) If the instrument is out of adjustment, correct results 
may be obtained by keeping the bubble centered with the foot- 
screws while sighting on the rod. 

6. The eyepiece* may be centered as described under transit 
adjustment 6, or by centering it so that it remains steadily 
upon an observed object while the V clips are loosened and the 
telescope is rotated 360° around the line of sight. 

The objective slide may be adjusted, especially for the 
horizontal cross-hair, as in transit adjustment 5 (page 138). 

121. Field Adjustments of the Compass. 1 . The same as 
adjustment 1 of the transit. 

2. To straighten the needle. 

(a) Steady the south end of the needle with a stick or wire 
and read the north end. Touching the nee die with the hands 
weakens the magnetism. Reverse the needle 180° until the 
north end is now at tin* original position of the south end, and 
read the south end, which is now nearly in the position of the 
first reading on the north end of the needle. If the two readings 
agree, the noodle is straight. If not, proceed as follows. 

(b) Remove the needle from the pivot and straighten an 
amount equal to one-half of the difference in readings. 

(e) If the compass is slightly out of adjustment, approxi¬ 
mately correct bearings may be read by using one end of the 
needle only 

3. To c(liter the pivot point. 

(a) If the difference in readings of the two ends of the needle 
i" constant for different positions of the needle around the circle, 
the pivot is centered. If not, proceed as follows. 

(b) Find the position in which the difference in readings of 
the two ends is a maximum. Remove the needle and bond 
the pivot with a small pair of pliers at right angles to the needle 
direction for a distance of half of the difference, and continue* 
this process, alternately testing and bending until there i* no 
difference between end readings of the needle* at various posi- 
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tions (various positions because the pivot may not have been 
bent at right angles) around the circle. 

(<•) It is not possible to secure correct readings if the pivot 
is out of center. 

4. To correct sluggishness of the needle. 

(a) If the needle moves into position too slowly and settles 
too quickly, either it needs remagnetizing, or the pivot point 
needs sharpening. 

(b) It may be remagnetized by drawing a bar magnet several 
times from the center of the needle towards its end, then con¬ 
tinuing this motion several inches beyond the end of the needle. 
The magnet must be lifted a foot or so above the needle when 
it is being returned to the center of the needle for another stroke. 
Use that end of the bar magnet on the end of the needle which 
it attracts. Reverse the bar magnet and magnetize the opposite 
end of the noodle. 

A blunt pivot point may be sharpened with a fine-grained oil 
stone. 

(e) No procedure will give* good results if the needle is 
sluggish. 

122. Field Adjustment of the Hand Level and of the Cli¬ 
nometer. To make the line of sight horizontal when the bubble is 
centered. 



Fin 122. ADJi stin(. the H \m> Level or the Clinometer. 


(a) With the hand level or clinometer held against a post 
or tree at -1, as in Fig. 122, center the bubble and mark a point B 
on another post or tree about 100 feet away. Move the instru¬ 
ment to B and set C above or below A. When the clinometei 
is being tested, the vertical circle must read 0°. If A and C art 
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• the same elevation, the instrument is in adjustment. If not, 
• uoceed as follows. 

d>) Mark a mid-point between A and C. With the cross-hair 
on the mid-point, usually the bubble is adjusted to the center. 

(c) If the instrument is used when it is out of adjustment, 
correct differences in elevation are obtained if it is midway 
between rod positions. 

123. General Procedure. Adjustment by a skilled technician 
in the shop may be advisable rather than field adjustments by 
one who is inexperienced. The adjustments all require careful 
manipulation. 

Making some adjustments may throw other relationships 
out of adjustment; consequently certain tests must be repeated. 
When the instalment is badly out of adjustment, it is best to 
make these related adjustments (as for example those in which 
the cross-hairs are moved) approximately at first and then 
finally to perfect them. In general, it is desirable to make the 
adjust meats in the order given above. 


PROBLEMS 
True-False Questions 

1. At the second set-up of a two-peg test of the dumpy level, the bubble 
line and the line of sight are made parallel by raising or lowering one end 
of the bubble tube. 

2. In adjusting the bubble attached to the transit telescope, the bubble 
line and the line of sight are made parallel by moving the cross hairs. 

3. Errors due to curvature and refraction are ordinarily negligible in 
< ngineering surveys. 

4. On a level or transit, the shorter eyepiece shows the image right 
side up. 

5. On the horizontal circle of the transit, all errors of eccentricity are 
eliminated by taking the mean of the two vernier readings. 

6. In measuring a vertical angle with a transit, all errors of adjustment 
ue eliminated by ]H>inting the telescope, reading the vertical angle, lowering 
he telescope until the telescope bubble is centered, and reading and apply- 
r >K the index correction as shown on the vernier. 

V. All errors of adjustment are eliminated by placing the level midway 
etween the points whose difference in elevation is being determined. 

8. The plate bubbles of a transit which is out of adjustment are cen- 
■red, the instrument is reversed 180° on its vertical axis, and the bubbles 
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are brought half way back to tho center by raising or lowering one end «.f 
the bubble tube. The vertical axis is now vertical. 

9. The telescope bubble should be used to secure maximum precision 
in making the vertical axis vertical. 

IQ. The line of sight of a transit is not perpendicular to the horizontal 
axis of a transit, due to lack of adjustment. In rotating the telescope about 
the horizontal axis, the line of sight generates an inclined plane. 

11. In 10 above, a straight line is produced by double sighting. The 
true erior of adjustment is one-half of the distance between the two points 
set ahead. 

12. A transit is in adjustment except that the horizontal axis is not 
horizontal when the plate bubbles are centered. When the telescope is 
revolved about the horizontal axis, the line of sight generates a cone. 

13. When dropping a point vertically by double reversing (in both 
azimuth and altitude), the transit should be releveled between reversals, 
unless you are sure the vertical axis is vertical. All other adjustments arc 
correct. 

14. It is desirable to keep the instrument in good adjustment and then 
to use it as though it were out of adjustment. 

15. In adjusting the Y level, tho cross-hairs must be brought into the axis 
of the Y rings before the bubble is adjusted by raising or lowering its end. 

16. In the indirect method of adjusting the Y level, one cannot be sun* 
that the instrument is correctly adjusted except by applying the two-peg 
test. 

• Other Adjustment Questions 

17. Is there any single test which may be applied to the wye level, the 
dumpy level, the transit, the hand level, and the clinometer, which guaran¬ 
tees satisfactory performance in ordinary leveling operations? 

18. Define the “line of sight” of a telescope of a surveying instrument. 

19. (a) Which of the several transit adjustments (give numbers) as given 
in this chapter may be changed in order of performance, without affecting 
the validity of the adjustment? (b) The wve-level adjustments? (c) The 
dumpy-level adjustments? (d) The compass adjustments? 

20. In transit adjustment number 4, after point C has been set along¬ 
side of point ft, why is it not possible to complete the adjustment by tilting 
the horizontal axis until the vertical cross-hair is on /)? 

21. (a) What adjustments (by number) are substantially the same foi 
the transit and for the dumpy level? (b) For the transit and wye level? 
(c) For the transit and compass? 

22. In a two-peg test, with the level midway between pegs, the rod on 
peg A leads 8.08 feet, and on peg /I 5.S1 feet. When the instrument is 
moved to A, it is found to be 4.21 feet above peg .1, and the rod held on 
peg ft reads (i. 17 feet. What is the true difference in elevation? Is the 
line of sight inclined upward or downward? With the instrument remain¬ 
ing at . 1 , what must be the rod reading on peg ft , in order that the line of 
sight he horizontal? 
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.3. In a two-peg test with the level at #, the instrument is found to l>e 
• s feet above B, and the rod on A reads 6.21 feet. With the instrument 
, 1, the rod held on A reads 3.50 feet, and when held on B 3.22 feet. 
\ ->wer the same questions as in 22. 

24. This is the same problem as 23 except that the final reading at B 
i, {.72 feet. Answer the same questions as in 22. See Caution on page 144. 

25. In performing adjustment number 4 of the wye level, the 20-second 
s<r page 144) bubble moves 3 divisions towards the objective end of the 
telescope when the telescope is reversed, end for end, in the Fs. Imme- 
i lint el v before the test was made, uphill levels were run between B.M.i 
ind B.M. 2 , in which work the total length of the backsights exceeded the 
total length of the foresights by 600 feet. What error, between B.Ms., 
was caused by this lack of adjustment? Is the elevation determined for 
\\ M .i too high or too low? 



CHAPTER VIII 


OBSERVATIONS FOR MERIDIAN 

124. The Scope of This Chapter. Astronomical observations 
arc occasionally needed in field survey work. A complete theo¬ 
retical explanation of this subject, involving astronomy and 
spherical trigonometry, would require an entire volume. Fortu¬ 
nately, however, the following relatively limited treatment, 
coupled with a little practice, will enable the engineer to do all 
that he will ordinarily be called upon to accomplish. For the 
rarer solutions, seldom if ever encountered by most engineers, 
the reader is referred to Chapter XXI, Engineering Astronomy, 
and similar treatments. The method of one of the following 
sections will usually suffice to determine a meridian within a 
minute or two of its true direction. (Jrenter precision is seldom 
required. 

125. Determining a Meridian by Observation on Polaris at 
Elongation. The star Polaris is also known as the Pole Star 
and as Alpha Ursa Minor. The meridian determination here 
described, using this star, is simpler, more precise, and less sub¬ 
ject to mistakes in observation and in computation, than is 
any other astronomic method of establishing a meridian. The 
star Polaris can be used only in the northern hemisphere. 

The daily rotation of the earth on its axis causes every star to 
appear to rotate in a circle about the earth’s axis. The axis 
prolonged passes near Polaris, and consequently this star appears 
to rotate counter-clockwise in a small circle about the axis, 
completing the rotation in about 23 hours and 56 minutes. 
'Hie angular radius of rotation, calk'd the polar distance, is a 
little over one degree, as measured from the center of the earth. 
When Polaris appears exactly above the Pole (or earth’s axis 
prolonged) it is said to be at Upper Culmination; when below 
the Pole, Lower Culmination; at the extreme eastern position of 
its apparent movement, Eastern Elongation; and at the extreme 
western position. Western Elongation . 

150 
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126. Computations for the Observation at Elongation. A 

. 1 (^cope pointing at Polaris when it is at either culmination will 
■i<‘ in a true meridian. When this star is observed at elongation 
here described and used because the star at elongation does 
not appear to move in horizontal angle for over half an hour), 
it will be necessary to turn the telescope through a horizontal 
angle of something over a degree in order to bring it into a true 
meridian. This angle may be found (for any given date) in an 
Kphemcns* •* or it may be computed from the formula 

(126) sine of the bearing of Polaris 

_sine of the pol ar dist anc e of P ola ris _ 

cosine of the latitude of the place of observation 

The polar distance t of Polaris for the date of observation is 
given in an Ephomcris. Sometimes only the declination t of 
Polaris is given, in which case the polar distance may be secured 
hy subtracting the declination from 90°. The latitude (correct 
within two or three minutes) may be taken from a good map. 

The Ephemeris gives the civil date and time (ordinary watch 
time at Greenwich, England, where the longitude is 0°) for the 
elongation of Polaris, if observed along the Greenwich meridian. 
This tabular entry must be corrected as explained in the Ephem¬ 
era, and as shown in Fig. 127a, in order to secure the Stand¬ 
ard (ordinary watch) time of elongation at the point of actual 
observation. It will suffice if this computation is within ten or 
fifteen minutes of the true value. That elongation (eastern or 
western) is chosen winch comes after sunset and before sunrise.* 

127. Field Work for a Polaris Observation at Elongation. 

About half an hour before the computed time of elongation, set 


*An Ephemeris, containing astronomic data for the current yeai, may bo 
.secured for 5 cents from the Geneial Land Office of the United States at Wash¬ 
ington. D. C. Most manufacturers of, and dealers in, surveying instruments 
''ill furnish an Ephemeus fiee, or for a few cents. 

t The declination of any star, or of the sun, is the angle (at the center of the 

•*ith) fiom the plane of the equator, to that body. The angle from that >H>dy 
<» the Pole (the north end of the earth’s axis, prolonged) is called the polar 
iHtanee. Decimation plus polai distance = 90 degrees. 

J The observation may be taken just after sunrise or just before sunset with 
high-powered telescope on which the ordinary sunshade has been replaced by 
black paper tube some six inches long, held in place with an elastic band 
^ylight observation is more difficult since it is not easy properly to focus the 
leseope so as to locate and see the star. 
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up the transit over a stake and carefully make the vertical axi 
vertical, as described on page 123. It is not sufficient siinplv to 
center the plate bubbles, unless they are sensitive and in good 
adjustment. Focus the telescope on some bright star. Focusing 
on Polaris is facilitated if the objective slide position is marked, 
when the telescope is focused on a star. 

(’lamp the horizontal plates on 0°, or on some other definite 
reading, with the transit pointing at a reference stake. Prcf 
erably the stake should In* far enough from the transit so that 
it will not bo necessary to change the objective from its focus 
as previously made* on a star. It is a little difficult to focu 
properly on a star; consequently this focus should not lx 
changed, once it has been accomplished. It will lx* necessary 
to reflect light down the telescope, through the objective lens, 
in order to illuminate the cross-hairs, and this is accomplished 
with a mining lamp or a pocket flash light. This reflection of 
light is facilitated by replacing tlie sunshade with a 3-inch or 
4-inch white paper shade* which is held in place* with a rubber 
band. A light is also needed behind tin* rele*rence stake*. 

The posit ion of Polaris in the sky may lx* determined by 
using the* ske*te*h e>f Fig. 127. If the* latitude* e>f the* place ot 
observation be* se*t off on the* vertical circle* of the* transit, 
Peilaris (whe*n at elongation) will be* fennel ne*ar the horizemtal 
cross-hair. The* transit te*Ie*se*e>pe* may be* pe>int<*el with the 
e*e>mpass ne*e*elle* (allowing for the* ele*clinatie>n e>f the* ne*e*dle and 
for the small angle* e>f formula (120)) se> that Polaris may be* 
Idunel ne*ar the ve*rtie*al ere>ss-hair. 

With the* ve*rtie*al eross-hair on Pedaris, its me>ve»ment is 
fedlowenl with the* upper motion tangent scre*w until it reaches 
elongation (whe*re it will not me»ve* horizontally, sufficiently for 
detee'tiem with an ordinary transit. for fifteen minutes before* 
anel fifte*e*n minutes afte*r true* elongation). Read the horizontal 
angle* em the* plates, using be>th verniers. 

Revc*rse the te*le*se*e)pe in azimuth and in altitude (turn it 
around horizontally anel upside down) and again sight e>n 
Polaris anel re*ael the* horizontal angle* on the plates. The transit 
should not be releweled lx*tw(*en ])ointings. After a few minutes. 
Polaris will be observed to move away from the cross-hair. 
Leaving the telesce>pe* in this reversed position, check the* original 
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reading of the horizontal plates with the transit pointing at th.* 
reference stake. The mean of the two horizontal angles between 
the reference stake and Polaris, corrected by the angle of 
formula (126), will give the angle from the reference stake to 
true north. An example of the computations and field notes 
is given in Fig. 127a. 



Fi«. 127a. Polaris Observation. 


The foregoing procedure constitutes a set. This will suffice 
for the experienced transitman, but the inexperienced man 
should take at least one additional set as a check. 

Instead of using a reference stake as just described, some 
engineers prefer to lower the telescope and set a stake vertically 
under Polaris (when at elongation). The transit is then reversed 
in altitude and azimuth and a second point set vertically under 
the .star. Next day the midpoint between them is established 
and the angle of formula (126) turned off in the proper direction 
to give the true meridian. In this alternate procedure, it is not 
essential that the vertical axis of the transit be truly vertical, 
provided the plate bubble at right angles to the telescope is 
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, i ntered before observation and again centered after the transit 
j. reversed in azimuth and altitude, just prior to the second 
observation. A striding bubble placed on top of the horizontal 
i\is will give still better results 

128. Determining a Meridian by Direct Observation on the 

Sun. This observation should not be taken within two hours 
nl noon, since in that period the horizontal angle of the Min is 



( ourUsy H’ and L K (lurlry, American 
Afusfum of V atural History, and Asia Magazine 


Fig. 128. A Solar Observation in the Ooiii Desert. 

changing rapidly and the elevation of the sun is changing 
slowly. Neither should the observation be taken early in the 
morning or late in the evening (u mally exprc ssed as when the 
\ertical angle to the sun is less than 15 degrees), since at smaller 
vertical angles there is an excessive and variable refraction 
correction. The following procedure is that for the Northern 
Hemisphere. It must be slightly modified in the Southern 
Hemisphere. 

129. Field Work for a Direct Solar Observation. Level the 
ransit carefully over a stake. If the plate bubbles are out of 
‘djustment, reverse the transit 180° in azimuth and bring the 
ubbles half way back to the center with the foot screw's. This 
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will make the vortical axis vertical, which is the condition 
needed for this observation; and the bubbles will remain out ot 
center by the same* amount during a complete horizontal 
revolution of the transit. Some engineers prefer to make tin- 
vertical axis vertical with the telescope bubble (see page 123), 
and this is good practice, especially if the plate bubbles are not 
precise. It is essential that the vertical axis be vertical. 

The telescope is sighted at a reference stake or point, with 
the plates clamped at 0°, or at some other definite angle. The 
upper motion is loosened and the transit pointed at the sun 
by drawing the eyepiece out to its full length and holding a white 
card a few inches from the eyepiece, so that the images of the sun 
and of the cross-hairs appear clearly on the card. The objective 
is used in focusing. Nothing can be seen by sighting through 
the telescope at the sun and it may injure the eyes. 


forenoon dffernoorf 



first ob:>cn/atton Second of sen jrt/on first observation Second of servat/or? 


Pos/t/on of sun and cross fa/rs just before fangrcncy 
I'm. 129. Sun's Disk When Transit Has an Inverting Eyepiece. 

Only the sun’s disk, and that portion of the cross-hairs on 
the disk, can be seen, the shaded portions of Fig. 120 not being 
visible. Also, since the sun is changing in both vertical and 
horizontal angle, difficulty is experienced in securing a precise 
pointing on the sun. For these reasons, the procedure of Fig. 120 
is used. For example, in the first forenoon observation, the 
sun is kept tangent to the vertical cross-hair by following 
its azimuth movement with the upper motion tangent, or slow 
motion, screw. The center horizontal cross-hair is set so as to 
cut a small segment from the bottom of the sun’s disk, and is 
not again moved. When the sun has risen to tangency on the 
horizontal cross-hair, all motion of the telescope is stopped and 
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r readings are taken. A similar procedure is followed in the 

( oiid forenoon observation except that the rising sun is kept 
i ingent to the horizontal cross-hair and the transit is clamped 
pi azimuth so as to cut off a small segment of the sun with the 
\crtical cross-hair. 

On transits of low magnifying power (with a wide field of 
\ icw) the full circle of the sun’s disk will show on the* card, but 
with higher-powered telescopes, frequently only a portion of 
the disk is visible, as indicated in Fig. 129. Great care must be 
exercised to avoid mistaking one of the stadia hairs for the 
e(‘nter horizontal cross-hair. The stadia cross-hairs are pur¬ 
posely omitted from Fig. 129. 

With the image attaining tangency as just explained and 
;e> shown in Fig. 129 for the first observation, the standard 
(ordinary watch) time is recorded and readings of the horizontal 
and vertical circles are taken and recorded. Both of the hori¬ 
zontal verniers are used. The telescope is then reversed in 
azimuth and altitude, if there is a full vertical circle on the 
transit, and the same readings are repeated with the sun attain¬ 
ing tangency as explained for the second observation of Fig. 129. 
This constitutes a set from which mean values of time and of 
angles are used in subsequent computations, providing that not 
more than 15 minutes has elapsed between the two pointings at 
the sun. The transit is not releveled during a set. With the 
transit remaining in this reversed position, a second sight is 
taken on the reference point, at which time the plates should read 
exactly 180° different from the original reading on the reference 
point. 

A second sot should be taken by an experienced transitman; 
and a third, and even a fourth sot, by a less experienced man. 
Eaeh set must be computed separately. 

Fewer sets will suffice if each set consists of two readings 
(of vertical angle, horizontal angle, and time) taken for the 
first observation position; then two readings, with the transit 
reversed, for the second observation position; and the mean of 
die four readings used in computing the set. 

130. Other Field Methods of Direct Solar Observation. 

'Vhile the foregoing field procedure is recommended, some 
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engineers prefer not to use a card. In this case a special attach¬ 
ment of colored glass is fitted over the eyepiece, and the telescope 
is sighted through, and pointed at the sun in the usual manner 
of using the telescope. The sun is placed first in one quadrant, 
and then in the diagonally opposite quadrant, as explained in 
the preceding section. The attachment is seldom available, 
and it is difficult properly to smoke a piece of glass which 
could be used as a substitute. 

When using this colored glass attachment for the eyepiece, a 
few engineers bisect the sun with both the horizontal and 
vertical cross-hairs. This requires following the sun’s move¬ 
ment with both cross-hairs. If the work is skillfully done, and if 
several bisections are made in each set, the mean values may 
be closely correct. The practice is not recommended, especially 
for inexperienced men. 

131. Computations for a Direct Solar Observation. This 
computation involves the solution of the equation 

(131) cos Z = —-*, n — - r — tan h tan L. 

cos h cos L 

The declination D of the sun is taken from the Ephemeris and 
is corrected so as to give the declination at the moment of 
observation. It is not corrected for refraction as may sometimes 
be inferred incorrectly from the Ephemeris. The Ephemeris 
gives the declination for either Greenwich mean noon or for 0* 
Greenwich Civil Time. These are the two instants of time, noon 
and midnight, when the mean sun is on the Greenwich meridian. 
Greenwich apparent noon differs from Greenwich watch , or stand¬ 
ard, or local mean noon, by the equation of time , the value of which 
rarely exceeds 15 minutes, and which may be neglected in a di¬ 
rect solar computation. Hence, for the purposes of this computa¬ 
tion, Greenwich apparent noon and Greenwich watch, or stand¬ 
ard, or local mean noon may be considered to be the same thing. 
If the Ephemeris gives the sun’s declination at Greenwich stand¬ 
ard nlidnight (0*), consideration of apparent time or of the equa¬ 
tion of time is also unnecessary. In Fig. 131, the average watch 
(standard) time of observation, 2:42 p.m., is 8 hours and 
42 minutes, or 8.7 hours after Greenwich standard noon. The 
correction to the declination for this 8.7 hours which has elapsed 



SOLAR COMPUTATIONS 


159 


$ 131 ) 

since Greenwich noon, is applied as shown in Fig. 131 or as 
(‘\plained in the Ephemeris. The declination is plus if the sun is 
north of, or above, the equator, as during the summer months. 
It is minus if the sun is south of, or below, the equator, as during 
the winter months. 



Fig. 131 Direct Solar OBsEKVAnoN. 


The mean for the set of the observed vertical angles to the 
sun, diminished by a correction from the Ephemeris for parallax 
and refraction, gives the value h to be used in the formula. It 
is always plus. 

The angle L is the latitude of the place of observation, correct 
within a minute, and always plus in the Northern Hemisphere. 
It may be taken from a reliable map, or obtained otherwise. 
Vstronomic methods for determining the latitude are given in 
nany books on surveying, although it is rarely necessary to 
make such an observation. 

The angle Z is the horizontal angle, east or west, from true 
>rth to the sun. The value of cos Z is negative, as in Fig. 131, 
here it is - 0.61211. Since - cosZ - + cos (180° - Z ), 
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tho angle whoso cosine is + 0.61211 is looked up in trigonometric 
tables. Then 180° - Z = 52° 15'.5, or Z=127°44'.5. Of 
course Z must be so considered as to show the sun east of 
the meridian in the morning, or west of the meridian in the 
afternoon. 

The value of 7* as computed from formula (131) is combined 
with the moan residing of the transit plates (for the set), to 
secure the bearing or azimuth of the line from the tiansit to the 
reference point. An example of field notes and computations 
is given in Fig. 131. 

Five-place logarithms are convenient and sufficiently precist* 
for solving formula (131). 


PROBLEMS 

1. (ii) Compute from the Kphemeris the declination of the sun for vour 
location, for the current year, at 4:00 P.M. (Standard time), August 3. 
(1)) For 10:00 A.M. December (i. (e) For 2:30 P.M. March 21. (d) For 
9:30 A.M. September 23. 

2. (a) Compute from formula (120) the hearing of Polaris at elongation 
for your locality and for tho current year, for that date on w hioh the bearing 
is a maximum. Check by the Kphemoris table, (b) For tie* date on which 
the hearing is a minimum, (e) For the current date, (d) For March 7. 

3. (a) For your locality and for tho current year, compute from the 

Kphemoris the wateli time for a night elongation of Polu’is on January Hi. 
Is Polaris east or west of the meridian? (b) June 21 (c) October Hi. 

(d) December 4. 

4. (a) From the following notes, compute the watch time of a night 
elongation of Polaris for the current date, and for your locality. Is that 
elongation east or west of the meridian? Compute the angle of formula 
(126) and check by the Kphemoris table. Compute tho azimuth from the 
transit to the reference point, (b) For February 22, of the current year, 
(c) For July 7, of the current year, (d) For November 29, of the current 
year. 
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H 
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Down 

0° (X)' 

180" 00' 
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1 

<< 

18° 49' 
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5. (a) For the current date and your locality, compute the azimuth of a 
line from the transit to the reference point, for the following set of direct 
-olar observations. While this is not a bona fide set of data for various 
localities and times, yet the computations may be carried through satis- 


Object 

Plate Verniers 

Vertical 

Anqle 

Watch 

(Standard) 

Time 


A 

B 

Mean 


Telt scopt 

Normal 




Ref. stake 

0" 00' 

180° 00' 




Sun f, |- 

23° 18' 

203°18' 


34° 03' 

9:16 


(clockwise) 





i 

Telescope Inverted 




Sllll |n 

203" 25' 

23° 25' 


35° or 

9: 19 

Ref. stake 

iso 1 or 

0 ° or 





factorily. (b) For Latitude 47° 25' north. Longitude 122° 18 f west, (c) For 
Latitude 29" 11' north, Longitude 82° 07' west (d) For Latitude 27° 49 
north, Longitude 97" 52' west. 

Note. Of course, the best problems are the actual determination of a 
meridian (which may be checked) in the field. Both the solar and Polaris 
methods should be used. The Polaris method is particularly valuable, since 
it gives practice in using an instrument in the dark. 
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STADIA SURVEYING 

132. The Stadia Theory. The upper and lower of the three 
horizontal hairs seen in a transit teleseope are the stadia hairs 
In Fig. 132, in the similar triangles FAB, FA 1 B 1 and Fab, 
ab = i = actual distance between stadia hairs. AB and A 1 B 1 
are rod intervals when the rod is y or y, distance from F. 

f _ V' = V 

i Hi R 
y =f.R and y x = t Hi 

V % 



is 100 to 1. The respective horizontal distances or altitudes of the 
triangles for each position of the rod will be 100 times the rod 
interval as read between the stadia hairs at that point. This is 
shown on Fig. 132. 

For all practical purposes, the distance f + c measured from 
F backward to the center of the transit may be considered 
1 foot. It is more precisely given on the transit box by the instru¬ 
ment maker; or it may be obtained by measuring two distances 
on the transit and adding them together, namely, from the 
objective lens to the cross-hairs (/) and from the objective lens 
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to the center of the transit (c). The point F and the stadia hairs 
are each located at, or close to, a focus of the objective lens. 
In the modern internal focusing telescopes, this distance f + c 
is practically zero. 

In general, then, we may say that if the telescope is horizontal 
the horizontal distance from the rod to the center of the transit is 

(132) H = 100 R + 1.* 

Stadia hairs are also furnished and used in plane table ali¬ 
dades, as described in § 217. They are frequently provided on 
the more precise levels. 

133. Inclined Sight Formulas. Usually the line of sight can¬ 
not be kept horizontal, but the telescope is inclined ^t some 
angle with the horizontal, a. The points E and O are at equal 
heights above the respective stakes. The rodman holds the 
rod vertically and it is therefore necessary to modify the preced¬ 
ing formula, fn Fig. 133, the interval actually read on the 
stadia rod, AB or /?, multiplied by cos a, gives CD (angles C 
and D being assumed 90°), or 

CD = B cos a. 

The slant distance from the instrument to the rod is S and 

S = EG = 100CD + 1* = 1007? cos a + 1.* 

In right triangles OEG and O'E'G', S = S', JI = H' and V = V'. 
These sides with angle a give the following trigonometric 
relations: 

//' = // = EO cos 

(133) II = S cos a = 100/? cos 2 « + cos a,* 

V' = V = EO sin a 

V = S sin a = 100/? cos a sin a + sin a* 

(133a) V = 100/?(i 2 sin 2a) + sin a* 

In Fig. 133 E'O' is parallel to EO and the computed value of V 
is equal to the difference in elevation. 

* This term is omitted from the formula when internal focusing telescopes 
ire used. 
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134. Reduction of Field Notes. Horizontal distances // and 
differences in elevation V may bo computed theoretically by 
substitution in formulas (133) and (133a), but this would be too 
slow and tedious for the many reductions necessary in practice. 
Stadia tables (Table V) and diagrams and slide rules will in¬ 
crease the speed, and will simplify these reductions. 

Table V contains stadia coefficients of horizontal distance 
(100)(cos 2 a) and difference in elevation (100)(* sin 2a). The 
following procedure is helpful and the use of this table gives 
all needed precision: 

(a) Add 0.01 foot to the observed rod interval R. Omit this 
0.01 foot addition when internal focusing telescopes are used. 

(b) Under the proper vertical angle in Table V, obtain the 
stadia coefficients. 

(c) Multiply these coefficients by (a) to obtain the horizontal 
distance and the difference in elevation. 
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As an example illustrating the use of this table, assume the 
vertical angle to be 5° 32' and the observed rod intercept to be 
7.23 feet. The stadia coefficients for this angle are horizontal 
distance 99.07 and difference in elevation 9.60. The horizontal 
distance is 7.24 X 99.07 = 717 feet, and the difference in 
elevation is 7.24 X 9.60 = 69.5 feet. 

Stadia diagrams showing differences in elevation and hori¬ 
zontal distances are a more rapid means for reducing stadia 
notes, but they are less precise. They may be obtained from 
supply houses, or they may be plotted to suit the particular 
conditions of use. 

The most expedient, and sufficiently accurate, method for 
reducing stadia notes is by using the stadia slide rule. 


135. Approximate Formulas. For most purpose's approxi¬ 
mate' horizontal distances and differences in elevation are 
Mifficient. Closely approximate results, correct to within 
two feet horizontally and 0.1 foot vertically, may be obtained 
without tables, diagrams, slide rules, or other aids, as sug¬ 
gested below. The orders of limitations for use of the formulas 
to obtain the foregoing degree of precision are: 

a less than 2° and R less than 15 feet; 

a less than 3° and R less than 8 feet; 

a less than 4° and R less than 4 feet; 

a loss than 5° and R less than 3 feet. 


finder such limitations and with R in feet and a in degrees, 
the horizontal distance in feet is 

(135) II = 100/?, approximately, 

and the difference in elevation in feet is 


(135a) 


V = 1 *Ra, approximately, 

V = 2 Rn — \Rocy approximately. 

Similar formulas have been in use for many years,* with a 

rod graduated in yards and a in minutes; the difference in 
elevation in feet, for a less than 5°, is then approximately 

y — 7 (Dist. in yds.) (a in min.) " 1 


r 135b) 


8L 


1000 


♦Courtesy of Professor W. S. Williams, University of Missouri, and the 
^fississiDpi River Commission. 
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For distances up to 2000 feet and angles under 15°, the 
horizontal correction (to be subtracted from 100 R + 1), within 
one foot of its true value, is given, in feet and degrees, by the 
formula 

(135c) Horizontal Correction = 0.03 Ra 2 , approximately. 

The ordinary slide rule is convenient for solving formulas 
(135a), (135b), and (135c). The computation may sometimes 
be made mentally by using R to the nearest foot and a to the 
nearest degree, one larger and one smaller than the exact values. 

Formulas (135a) and (1351)) may be used for longer distances 
and larger vertical angles, provided the horizontal distance, 
rather than the distance road on the rod, is used in the formulas. 

Many engineers do not consider the (/ + c) constant, of about 
1 foot (almost zero for internal focusing instruments), since 
it is relatively small and since it tends to balance the horizontal 
correction. 

136. Beaman Stadia Arc. An occasional transit or plane 
table alidade is equipped with a Beaman (or other) stadia arc, 
which is designed to minimize the computations of H and V. 
They are pictured and described in instrument makers’ catalogs. 
It is doubtful if they are better than the ordinary vertical 
circle which is used with the methods of computation previously 
described. 

137. Stadia Multiplying Constant. The spacing of the cross¬ 
hairs determines this constant. As previously mentioned, on 
most transits, levels, or plane table alidades they are spaced 
to give a multiplying constant of 100.0. It is difficult to place 
the cross-hairs precisely on the reticule or metal ring which 
holds them. It is possible that the first figure following the 
decimal point in 100.00 is not exact and it is probable that the 
second figure following the decimal point is not exact. For 
example, the stadia constant may be 99.8, or 100.04, or some 
such figure. If the cross-hairs have been replaced by other than 
a skilled workman, the error may be considerably larger. 

The multiplying constant is best determined by carefully 
taping a level or nearly level line and marking points exactly 
100, 200, 300, 500, 700, and 900 feet from the principal focus 
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mi front of the objective. The rod interval is then read on these 
successive points (preferably by setting targets on the rod at 
least three times at each distance) and the multiplying constant 
l's then obtained by dividing II by R. The average value for the 
several distances is used. It is somewhat less satisfactory to use 
irregular distances in determining the constant. 

The difference of the multiplying constant, say 99.3, from 
100.0 is applied as a correction of 0.7 foot per 100 feet of ob¬ 
served distance, rather than used as a multiplier. 

For the better grades of stadia work, the multiplying constant 
should be determined more precisely with targets. One target 
is fixed and the average of several settings of the second target, 
read to two or three decimal places, is obtained for each distance. 
Since the cross-hairs have an appreciable width on long shots, 
if is sometimes advisable to read the top or bottom of the hair, 
using the same edge on both upper and lower hairs. 

In the foregoing determination of the stadia multiplying 
factor, it may rarely be desirable also to determine the upper 
and lower intervals separately, so that when necessary they 
may be used separately. 

Refraction of the lower line of sight, when near the surface 
of the earth or of water, does not introduce appreciable error 
tor ordinary stadia work but may do so for long sights or for 
precise measurements. Under such requirements, the multi¬ 
plying constant should be determined with the same conditions 
of refraction that will occur during measurement; for example, 
at about the same time of day and with the lower line of sight 
at atxnit tne same distance above the ground. 

138, Field Procedure. In most stadia work, several shots or 
sets of readings are taken on different points from one setup of 
the transit. The usual field procedure is as follows: 

1. After the transit is sot up, the stadia rod is held alongside 
it and the vertical distance from the stake under the transit 
to the center of the horizontal axis is measured, or this distance 
may be measured with a regular tape or with a 5-foot tape, 
or by marking one leg of the tripod as described on page 121 
(Fig. 105). Sometimes, although not necessarily, this reading 
’s recorded in the notes as the ILL, for example H.I. = 4.9 feet. 
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2. The rodman holds the rod on some required point and th«‘ 
transitman sets the middle cross-hair approximately on the 
H.I. above mentioned. He then shifts the telescope through 
a small vertical angle until one stadia hair is on a full foot mark 
and reads and records the stadia interval between this full 
foot mark and the other cross-hair. It will be noted that the* 
inclination of the telescope is not exactly the true vertical 
angle, but the effect of this error on the observed rod interval is 
negligible. 

If, for example, the stadia interval was 8.91 feet, it may be 
recorded as 8.91, 8.92, 891, or 892. Perhaps 891 is most used. 
Each transitman has his preference, but the notes must state 
whether the extra 0.01 foot or the extra one foot is included. 
The extra 0.01 foot or the extra one foot is added to care for 
the constant / + c. It is not applied for internal focusing tide- 
scopes. 

The half stadia intervals between the center hair and the 
upper and lower hairs may be read separately, by shifting the 
t(descope vertically, if the sight is so long, say over 1300 feet, 
that the full stadia interval does not fall on the rod; or if part 
of the sight is obstructed. Should test show the half intervals 
to be exactly equal, either may be read and doubled. 

3. The transitman then sets the middle cross-hair exactly 
on the H.I. and turns the plates slightly in azimuth, if necessary 
to bring the vertical cross-hair exactly on the rod. The rod- 
man is signaled to proceed to the next point and while he is 
walking to it, the instrumentinan reads and records the vertical 
angle and azimuth. The azimuth may be read approximately 
by sighting at the center of the stadia rod and estimating the 
azimuth to the nearest 5 minutes without reading the vernier. 
For more precise azimuth, the rod should be turned edgewise 
and carefully centered over the tack, or one prearranged edge 
of the rod may be held over the tack. 

The precise extra vernier bubble mentioned on page 122 is 
a decided aid in precisely determining the vertical angle. In 
much stadia w r ork, however, this added precision is unnecessary. 

The horizontal distance, //, and the vertical distance, V , are 
computed from these field data, as an office or field computa¬ 
tion, and the azimuth of the point is read on the transit plates. 
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Those give the polar coordinates by which the point may be 
plotted on a map, and also the elevation of the point. The 
foregoing procedure determines azimuth, distance, and eleva¬ 
tion. If only part of this information is required, as for example 
only II and not V, the procedure is correspondingly simplified. 

This procedure is repeated on each of the several points 
regarding which data are desired. 


139. Vertical Angles to Any Point on the Rod. It is occa¬ 
sionally necessary to sight the center cross-hair at some point 
on the rod other than the H.I. previously mentioned, for 



example, when the H.I. is obscured by brush. The difference 
in elevation as usually computed (44') must then be increased or 
decreased by the difference between the rod reading on the 
center horizontal cross-hair and the H.I. It is convenient to 
sight at some exact number of feet above or below the H.I. 
This process is illustrated by Fig. 139. 

140. Stadia Rods. The ordinary level rod with graduations 
to hundredths of a foot will serve for stadia work where the 
maximum length of sight is 300 or 400 feet. Such short shots 
occasionally suffice, particularly for side distances on line sur¬ 
veys (Fig. 201a). For the longer sights of the usual stadia work 
it is necessary to use a coarsely graduated rod on which no 
attempt is made to show the separate hundredths of a foot. 
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It will be noted on Fig. 140 that most of these major gradua¬ 
tions are only to tenths of a foot, yard, or meter. 

Many instrument men prefer that the rods be graduated to 
decimals of a yard or meter, rather than of a foot, since such 
graduations are about three times the size of the decimals of a 
foot, and are therefore easier to read. 



Courn \y of Keuffil a.'d E&s< r Co 

Fig. 140 . Stadia Graduations. 


Where the rods show only tenths of a foot, yard, or meter, 
the graduation is coarse and is used primarily for long shots. 
It will bo noted that most such rods provide sloping lines upon 
which hundredths may be easily estimated, and the rod conse¬ 
quently may be used for either short or long shots. 

Figure 140 shows the more common graduations. Other 
types are available through instrument houses and a great 
variety have been made by individual engineers. The rods 
are usually made of a single stick 12 to 15 feet long, but are 
occasionally found with slip or hinge joints. Stadia rod ribbons 
are to be had from instrument supply houses. 

At one time some engineers graduated the stadia rod to 
correspond exactly with the interval between cross-hairs on a 
particular instrument. Hence the graduations were not exactly 
one foot, yard, or meter apart. This practice has been aban¬ 
doned, because such a rod could not be used with other instru¬ 
ments, or for leveling, and considerable confusion frequently 
resulted. 
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Where targets are used, the stadia rod is 
sometimes graduated from the top downward. 
A fixed target is clamped at zero at the top of 
the rod and a movable target is set and read 
by the rodman, lower down on the rod, as in 
Fig. 140a. 

141. Advantages of Stadia. In the past, 
the stadia method has been largely used in 
mapping, as described in §§ 216 to 217. It is 
increasingly used for mapping, traversing, hy¬ 
drographic surveys, and other not-too-precise 
determinations of horizontal and vertical dis¬ 
tances. 

Stadia measurement offers a more rapid and 
a somewhat less precise method than does 
taping. In rough country where the taping 
must be up and down hill, while the stadia 
readings may be taken across ravines and gul¬ 
lies, the precision of stadia compares favorably 
with that of taping. This is particularly true 
in traversing where the errors of the stadia-rod 
intervals tend to compensate. Careful stadia 
measurement across a deep depression such as a 
canyon is nearly as precise as the simpler tri¬ 
angulation described on page 118. Taped or 
triangulated measurements may frequently be 
checked to advantage by stadia. 

Stadia elevations are quickly, but only ap¬ 
proximately, obtained, as in Fig. 133. If the 
elevations are measured while the stadia and 
azimuth are being used for distance and direc¬ 
tion, only a negligible cost is incurred for secur¬ 
ing elevation data. 

The stadia method is less satisfactory in 
timber or underbrush since 1 extensive clearing 
is required. It is particularly difficult, almost 
impossible, to clear a line of sight through the 
tops of trees where the line ol sight is a con- 
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siderable distance above the ground. Stadia may here be used 
by picking natural openings in the foliage and sighting through 
these openings. Occasionally it is possible to move the instru¬ 
ment rather than the rod; for example, the rod may be left 
standing in a clearing in the valley while the transit is moved 
along the adjacent ridges and stadia readings and needle bear¬ 
ings are taken on the fixed rod. 

Much of the mapping detail of plane-table surveys is obtained 
by the stadia method. 

142. Common Mistakes. 1 . Reading the interval from the 
center hair to one of the outer hairs, instead of between the 
two outer hairs. This is to be avoided by special care in observ¬ 
ing, by estimating the distance by eye, or by reading a half¬ 
interval as a check. 

2. Mistaking a fence wire or a telephone wire for a stadia hair. 

3. Mistaking or misrecording a plus for a minus vertical 
angle, or vice versa. 

4. Miscounting the yards, feet, or meters in the rod inter¬ 
cept. This is to be avoided as in 1. 

143. Precision of Stadia Distances. For any one stadia shot 
by ordinary methods, precision is limited by the smallest 
graduation which may be read or estimated on the rod. At 
from 200 to 400 feet, it is possible, without targets, to read 
the rod interval on the rod to hundredths of a foot, corresponding 
to one foot in distance; this gives a precision of 1/200 to 1/400. 
At 600 to 1200 feet, it is possible to read the nearest hundredth 
of a yard, or of a meter, which is about 0.03 foot or 3 feet of 
distance; this gives approximately the same precision as previ¬ 
ously stated. This, then, is the precision to be expected in the 
usual single stadia measurement. 

With favorable visibility and using targets, perhaps taking 
the mean of several target readings, we can raise this precision 
to the order of 1/1000. Of course the multiplying constant 
must be carefully and precisely determined. 

A higher degree of precision is obtained with small vertical 
angles than with large vertical angles. 

Since the precision is largely dependent on ability to read the 
precise rod interval, greater precision will result from taking the 
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moan of several readings, since they will tend to compensate 
according to the theory of least squares. If, for example, a 
lod interval is read nine times, then the probable error of the 
mean will be approximately 1 /a/o or 1/3 of the probable error of 
•i single measurement. Such repetition will of course also tend 
to prevent mistakes, readings that are evidently erroneous 
being disregarded. Any error due to an erroneous multiplying 
constant will of course be present in its full amount in the 
final result. 

In a stadia traverse where nine successive distances, each 
different, are measured, there will remain in the total distance 
an approximate probable error (due to lack of precision in 
reading the rod interval) of V9, or three, times the probable 
error of a single measurement. On the contrary, the error due 
to an erroneous multiplying constant will occur with the same 
algebraic sign in each measurement and will therefore accumu¬ 
late, in the total, to 9 times the error of a single measurement. 

It is apparent from the preceding discussion that correct 
determination of the multiplying constant is essential to pro- 
\ cut a cumulative error, whereas the errors of reading the rod 
interval tend to balance or compensate. 

It is of course essential that the rod be held truly vertical. 
The error due to an inclined rod may be plus or minus and 
will, to some extent, accumulate. It increases with the vertical 
angle of the transit, hence the rodman must exercise vnusual care 
in plumbing the rod on large vertical angle sights , using a rod level, 
or a plumb bob, if necessary. 

The telescope for stadia measurements should be somewhat 
better than for most other purposes. A magnifying power of 
from 20 to 30 diameters is needed; and a sharp, clear image of 
the rod is essential. The vernier bubble mentioned on page 
121 facilitates the work. 

144. Precision in Stadia Elevations. The precision in stadia 
elevations is controlled by the following elements. 

1. The various factors affecting horizontal distance as 
seated throughout this chapter; any error in distance gives rise 
o a corresponding error in elevation. 

2. The errors in vertical angles; these generally tend (for 
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traverses) to compensate. Properly reading vertical angles 
forward and backward on traverses eliminates all errors of 
adjustments, curvature of the earth, and constant refraction. 

The ordinary transit reads to the nearest minute on the 
vertical circle vernier but this circle is not largo or well protected 
and it is probable that the usual error in measuring a vertical 
angle on an old transit is of the order of 1' to 2'. At 1000 feet 
this will produce an error in elevation of 0.3 to 0.6 foot. Errors 
in large vertical angle's cause greater errors than in small ones. 

3. Errors duo to curvature and refraction,see page 87. 

In stadia traversing without large vertical angles, where 
forward and backward readings are' taken on each line, it is 
possible with ordinary care to carry forward elevations with 
an error on the order of 1 /2 foot times the square root of the 
distance in miles. 


PROBLEMS 


1. (a) Compute the difference in elevation and the horizontal distance 
by formulas (133) and (133a). Use a multiplying constant of 100.0, and 
/ + c as 1 foot. Answers are shown in italics. 


Point 

- 

Rod 

Interval 

Vertical 

Angle 

DIFFERENCE in 
Elevation 

Horizontal 

Distance 

1 

3.72 

1 ° 09' 

7.6 

372.X 

2 

8.47 

6° 12' 

91.0 

X3X.I 

3 

12.91 

20° 18' 

420.4 

1136.6 


(b) For 4.13 and l c 21'; 9.47 and 8° 14'; and 12.05 and 24° 17'. 

(c) For 3.17 and 0° 39'; 8.63 and 7° 47'; and 11.86 and 28° 42'. 

(d) For 2.89 and 0° 53'; 7.54 and 7° 01'; and 12.06 and 26° 13'. 

2. The same as 1 but use Table V. Am.: 1. 7.5, 372.8 

2. 91.1,838.1 

3. 420.4, 1136.4 

3. The same as 1 but use stadia diagrams. 

4 . The same as 1 but use formulas (135) and (135a), and note errors. 

Am.: 1. 7.5,372 

2. 91.9,847 

3. 458.6, 1291 

5. The same as 1 but use stadia slide rule. 

6 . The same as 1 but use formula (135c) for horizontal distance only. 

Am.: 1. 372.9 

2. 837.2 

3. 1131.4 
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145. Definition. Topography may bo broadly defined as the 
,hape or configuration of the earth’s surface, together with 
the changes that have been made by man. In engineering 
projects extending over a considerable area or for a consider¬ 
able distance, it is necessary for the engineer to fit his proposed 
construction onto the topography. To accomplish this, it is 
usually necessary for him to prepare and work with maps 
showing the topographical features, 

146. Hachures. A generation ago it was not uncommon to 
see topography represented on the map by hachures, which 
were short lines of varying widths drawn in the direction of 
greatest slope. On level stretches of territory the hachures 
were omitted. By their shading effect, they convey to the 
layman some relative idea of the topography but they do not 
in any sense give actual elevations. Hachures were used on 
German military maps at the beginning of the World War 
but were shortly replaced by more definite contour maps 
lit scribed in the next section. 

147. Contours. A contour is an imaginary line on the ground, 
every point of which has the same elevation. The shore line of a 
lake or of a body of still water is a contour. If the water is 
raised or lowered, the new position of the shore line will be 
another contour. 

When contour lines are drawn on maps, it is apparent that 
wherever a pencil is touched upon a contour line, the elevation 
of the point may be read from the 1 map. In such a use of maps 
the ground is assumed to slope uniformly between adjacent 
•ontours and it is consequently possible to estimate closely, 
>y proportion, the elevation of any point on the map. 

In examining contours on the ground, or in the construction 
nd use of maps, the rivers, streams, and drainage lines, together 
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Fig. 147a. Contours. 
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with the summits and ridge*s, are the controlling features. 
Once these are fixed in mind and on the map and their elevations 
are known, it becomes a comparatively simple and routine 
matter to sketch the contours on the map with any required 
degree of precision. The number of additional points of definite 
location and elevation which may be required depends on the 
precision necessary on the map. Those steps are shown in 
Figs. 147 and 147a. 



Fin. 147b. 

Contours are usually interpolated by eye between known 
elevations on the map. Whore greater precision is necessary, 
any convenient decimal (Engineers 7 ) scale may bo used, as 
shown in Fig. 147b. 

Contours an* close together on steep slopes and widely spaced 
on gentle slopes, equally spaced and parallel on a plane, at right 
angles to valley and ridge* line's, perpe*neiicular to the* line of 
ste«*pe*st slope, superimposed e>n one* another e>nly on some 
vortical surface, anel only rarely cre>ss one another, as for 
example under an e)ve*rhanging cliff. 

Contours always close, e*ithe*r within e>r beyond the limits of 
the map. Cleised cemtour lines on a map repre*sent a summit, 
unless they are shown with she>rt line's drawn inside* e>f, and 
perpendicular to, them. In that case, the*y represent a depres¬ 
sion. The vertical distances between contours is called the 
contour interval. Contour lines are best drawn with a contour 
'pen. Each fifth line is usually made* somewhat heavier than 
the others. 

Some persons seem naturally to sense, or to draw in , contours 
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* 148J 

jul general topography better than others, although sufficient 
nractiee and effort will enable any engineer to do satisfactory 
.\<>rk. The field and office work involved in the preparation of 
topographic contour maps is treated in Chapters XIII and 
\JV. 

148. Use of Topographic Maps. Such maps are essential 
to the modern engineer, geologist, and military commander. 
The engineer formerly located his new project—a railroad 
canal, highway, pipe line, reservoir, industrial plant, or what¬ 
ever it might be — directly on the ground without the aid of 
topographic maps. This type of location was more of an art 
than a science. The locating engineer of that day was neces¬ 
sarily a man of natural topographic aptitude and extensive 
experience. The project was surveyed on the ground, and if it 
did not then seem to be satisfactory, it was relocated in whole 
or in part; this system constituted a cut and try method on the 
ground. The engineer was usually hurried by the owners and 
it was quite possible to overlook a better location or to accept 
a less satisfactory one, rather than to incur the considerable 
delay and expense necos u «\ry to revise the surveys on the ground. 
Such inadequate surveys and projects seemed reasonably satis¬ 
factory for many years, and their defects only became really 
apparent to the owners as competitors adopted the better 
locations which had been overlooked by the earlier engineers. 

The modern practice is to look over ail possible locations 
roughly in a reconnaissance', and then to make surveys for 
preparing a topographic map of all of the promising territory. 
Vfter this, the design of the location is made in the office on 
the topographic map, where one man can try out several 
alternative plans on the map until he finds the best one. 

This map or paper location offers several advantages over 
the older ground location. One man in the office can compare 

* lternativo locations more cheaply and much more rapidly 
^nin can be done by large survey parties in the field. Less 

* >pographic aptitude, and more of the modern technical attitude 
' mind, is required. 

The mind may be concentrated better on the essential 
‘gineering and economic features of the project in the office 
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than in the field, where the detail and bustle of the survoj 
organization distract thought from the more important matters 

Finally, modern industry is becoming more and more con¬ 
centrated into large corporations or units, with their more highly 
skilled officers and specialists in the general offices. While the 
maps and projection of designs are frequently made in the field 
offices, nevertheless, the maps may be easily carried or mailed 
into the general office and the entire matter quickly threshed 
out with all of the interested general officers. Changes may 
then be decided upon and made from the topographic map 
without the almost prohibitive loss of time that is involved in 
having these officers travel hundreds or thousands of miles to 
the project, and then to wait for alternate surveys to be made 
on the ground. 

149. Maps Available. Mapping is expensive, and the engi¬ 
neer first avails himself of those maps that are already made. 
The Federal Government, through the United States Geological 
Survey, has mapped about half of the United States on scales of 
1 to 62,500 or 1 to 125,000. This is approximately 1" = 1 mile 
or 1" = 2 miles. More recently, larger scales have been used. 
The contour interval varies from 10' in flat country to 100' in 
mountainous country. These surveys are gradually being 
extended. Figure 57a shows that part of the United States 
covered up to 1948. 

As explained in Chapter XII, the Federal Government has 
sectionalized most of the United States except the original 
thirteen colonies, Kentucky, Tennessee, and Texas, and land 
still belonging to the government, such as forest and Indian 
reservations. The sectionalization covers that portion of the 
United States shown in Fig 179. Township plats, similar to 
Fig. 181a may be secured for all of this territory on the scale of 
1 inch = 1/2 mile. While no contours are shown, the streams, 
drainage lines, and occasional notes of hills will give some idea 
of topography. 

The Post Office Department has combined these township 
plats into larger sheets and has somewhat improved them, 
particularly as to roads, so that the larger sheets may be used 
\n connection with their rural mail delivery service. 



MAI’S AVAILABLE 


181 


s< 149] 


Various other branches of Federal and State governments 
m.ivo prepared less extensive maps for special purposes, fre- 
juently on larger scales. Drainage and irrigation districts 
:i^ well as other minor governmental units have mapped large 
isolated territories. Maps of airways, railways, highways, 
transmission lines, and so on, are occasionally obtainable. 
Good maps arc usually available covering cities, towns, and 
1 hickly-settled communities. 

A Digest of Geodetic Publications for the State of - 

gives triangulation, leveling, and magnetic compass information 
of the United States Coast and Geodetic Survey, by states. 

The organizations of the Federal Government engaged in 
mapping and surveying are: 

Army Map Service, War Department; 

V. S. Coast and Geodetic Survey, Department of Commerce; 

1'. S. Ccological Survey, Department of the Interior; 

(leneral Land Office, Department of the Interior; 

Division of Topography, Post Office Department; 

Bureau of Soils, Department of Agriculture; 

Bureau of Reclamation, Department of the Interior; 

Bureau of Public Hoads, Department of Agriculture; 

Office of Indian Affairs, Department of the Interior; 

Mississippi River Commission, War Department; 

International (IT. S.-Canada) Boundary Comm., Department of State; 

Forest Service, Department of Agriculture; 

l T . S. Hydrographic Office, Navy Department; 

Military Intelligence Department, General Staff, War Department; 

Federal Power Commission; 

Air Service, War Department; 

Bureau of Aeronautics, Navy Department; 

U. S. Lake Survey, War Department; 

Aeronautics Branch, Department of Commerce; 

Division of Maps, Library of Congress. 


Engineers working in a particular territory are usually 
1 ami liar with the available maps. County, city, or state engi¬ 
neers, as well as the Bureau of Mapping* in Washington, D. C., 
1 m furnish maps or mapping advice. Aerial surveys, made 
1 'ider the Agricultural Adjustment Administration, provide 


* Office of Map Information, U. S. Geological Survey, Department of In- 
ior, Washington 25, D. C. 
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aerial photographic maps of most of the settled portions 01 
the country. 

The Surveying and Mapping Division of the American So¬ 
ciety of Civil Engineers publishes manuals of specifications and 
suggestions for mapping and surveying. 

An effort should always be made to get the best available 
maps before any extensive mapping or engineering project is 
undertaken. The maps already made are usually on so small 
a scale, or otherwise so unsuitable, as to servo only in the 
reconnaissance stage of the work for rough estimates of cost 
and feasibility. It is usually necessary to make surveys and 
larger scale maps for the detail planning. 


150. Specific Information from Contour Maps. The profile 
of Fig. 150 w r as made from the contour map of Fig. 147a along 
the line AB. After the line is drawn along the map and the 



stations scaled onto the line, the elevations of each station and 
of any necessary intermediate elevations may be read by inter¬ 
polation between contours. 

Some engineers prefer to scale the station and plus at which 
each contour crosses the line, and then to plot each contour; 
the plotted points varying in elevation from one another by 
the contour interval. This latter method is somewhat more 
precise than the former, although the maps seldom justify 
such great precision. 

It is evident that map profiles may be made much more 
rapidly than field profiles, and that they will serve equally well 
for many purposes, even though they are not quite so precise. 
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ii the project under consideration involves an area rather 
a n a line survey, for example, a large building, industrial 
unit, or stadium, the plan of the structure may be sketched 
icntatively on the map and the necessary elevation data may 
Ik obtained by interpolation between contours. Estimates of 
quantities of excavation and embankment may be made as 
out lit ed for borrow pits in § 209. 

In fact, since the topographic map is a small scale repre¬ 
sentation of the ground, all of the required topographic infor¬ 
mation which could be obtained by a survey on the ground, 
may be read and scaled approximately from the map. For 
example, in projects involving the storage of water (Fig. 147a), 
information regarding the proposed dam, the quantity of 
water stoned, and the drainage area may be taken from the map 
While the precision of contour maps varies, in general it may 
be assumed that if the pencil is placed at any point on a topo¬ 
graphic map, the elevation of the ground will correspond to the 
elevation interpolated from the contours, to within less than 
1/2 of the contour interval. 

PROBLEMS 

1. Sketch in contours on Fig. 147. 

2. (a) Referring to the map of Fig. 147a: AB is the center line of an 
earth dam to impound water, top width 20 feet; earth slope on water side 
3 to 1, and on dry side 2 to 1. A concrete core wall 2 feet thick extends 
m>m 1.) feet below ground to the top of dam. 

Compute and tabulate the quantities of earthwork and of concrete for a 
d.mi with a top elevation of 735 feet. Compute and tabulate the number of 
•ine-feet of water stored, with the water 5 feet below the top of the dam. 

With earthwork at 30 cents per cubic yard and concrete at $20 per cubic 
>;ird, what is the cost per acre-foot of water stored? 

(b) The same as (a) except with top of dam at 740 feet. 

(<*) The same as (a) except with top of dam at 745 feet. 

(d) The same as (a) except with top of dam at 750 feet. 

Answers to 2(a): 31,487 cu. yds. earth, $9446; 

1564 cu. yds. concrete, $31,280; 

1835 acre-feet; 

$22.20 per acre-foot 
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151. Definition. Triangulation may bo defined as that branch 
of surveying which utilizes triangles and which involves a mini¬ 
mum of distance measurement and a maximum of angular 
measurement in the determination of distances and direction* 
over the* earth’s surface. 

152 . Minor Triangulation. Minor triangulation is sometimes 
necessary in engineering surveys where a distance across a wide 
body of water, a deep canyon, or a ravine must be determined. 
Here direct measurement of distances by taping is impracti¬ 
cable. Stadia measurement may be used, but this is frequently 
not sufficiently precise and is awkward for distances of over a 
half mile. Some such triangles as are shown in Figs. 152 and 
104, with a base line measured in a convenient place, will 
permit the calculation of the inaccessible distance. This type 
of triangulation is sometimes necessary in surveying a transit 
line around an obstacle, as described on page 1 IS. 

In Fig. 152, and cm page 130 of the Appendix, if only the 
horizontal projections of AC and/or BC are required, the base 
line AB is carefully measured and the horizontal angles at A 
and B are measured with a transit and repeated. Considerable 
precision is sometimes necessary. Then 

_ a_ __ b __ r 

sin A sin B sin C 

A convenient tabulation of logarithms for the solution of a 
triangle by the sine law follows. The angles A } B , and C, and 
the side c are known. The sides a and 6 are required. 

(1) log c (1899.20) = 3.2785707 

(2) colog sin C (57° 58' 21") = 0.0717099 

(3) log sin A (83° 40' 09") = 9.9973435 

(4) log sin B (38° 21'30") = 9.7927962 
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'1) + (2) + (3) = log = log o = 3.3476241 

(1) + (2) + (4) = log |= log & = 3.1430768 

a = 2226.51 
b = 1390.20 

If the differences in elevation from C to A, and from C to B , 
ire required, then the vertical angles a and 0 are measured; 
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and from the above computed horizontal projections b and 
(AC i and BC 2 ) the vertical distances CCi and CC 2 are compute*, 
using the tangents of the respective vertical angles. 



An approximate and rapid triangulation along a line survey 
is shown in Fig. 152a. The method depends on the fact that 
the sine of 5° 44' is 0.00990 or very nearly 1/10. Under some 
circumstances, it is better to use an angle of 11° 32' whose sine 
is 0.19994 or very nearly 1/5. The line AB is approximately 
10, or 5, times the taped wring offset BC which is the shortest 
swung measurement to the transit line of sight AC. Lack of 
precision in this method is largely due to the poorly shaped 
triangle. 

153. Triangulation Systems. Several systems or nets an* 
shown in Fig. 153. The* system (a) is used for long narrow’ 
triangulation of relatively poor precision, such as along a nar¬ 
row lx>*ly of water or valley; (b) gives better precision and 
covers a w'ider area; while* (<*) with overlapping triangles. *>r 
quadrilaterals, is generally us***i fe>r long anel fairly narrov 
surveys of a high degr<*<» of precision. 

Usually at legist twe> base lines are* tape**!; these are l*)**at***i 
near the ends *)f the* system. The* lengths *>f siele*s *>f the various 
triangles are then computed anel checkeel on some common 
side, preferably midway bet wren the* bases. 

When the taped base's are* shelter than the side's of the main 
triangulation system they must be* expanded onto a main side 
by a series of triangles called a base net, as shown in Fig. 158. 
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Fig. 153. Triangtlation Systems. 


154. Shape of Triangles. An approximately equilateral tri¬ 
angle is ideal for triangulation. Angles of less than 30° or more 
Ilian 120° opposite to known or lequired sides will tend to 
decrease the precision of the system, and should be avoided. 
The triangles are computed from the sine law: 

sin A _ sin B _ sin C 
a b c 

"hero a , b , and c are the sides of the triangle and A, B, and C 
an* the angles opposite to the respective sides. 



Fig. 154. 


In Fig. 154 it is apparent that in drawing the figure and in 
ding the angles and distances, the intersection established 
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at A is not precise because the angle A is too acute. Tin 
iengths AB and AC cannot be determined accurately by eithet 
scaling or computation. 

It is possible here to generalize somewhat the foregoing state¬ 
ments. In the consideration of geometric and trigonometric 
problems of all natures it is easier to grasp the involved intei- 
relations by drawing the figures to scale, or at least roughly 
to scale, or, in simple cases, by considering the figures mentally 
Any relations which develop in drawing the figure will exLt 
similarly in the computation. For example, if enough data are 
given to draw the figure, then enough are given to compute the 
figure; or, as another example, if the figure cannot be drawn 
with precision, then it cannot be computed with precision. 

155. Computations. In triangulation computations it is cus¬ 
tomary first to test the measured angles to see if they satisfy 
geometric and trigonometric requirements. The observed 
angles, which, of course, do not meet these conditions exactly, 
are adjusted: 

(a) Approximately for ordinary engineering usage or for 
simple triangulation of low precision. 

(b) By the theory of least squares for more elaborate and 
precise triangulation. 

These adjustments are described in books on higher sur¬ 
veying or geodetic surveying. The computations are then car¬ 
ried forward by the sine law mentioned in the preceding section 
to any required degree of precision. For precise surveys over 
very large areas, account must be taken of the spherical excess 
over 180° of the sum of the angles of a triangle (1 second for a 
triangle having 76 square miles of area), but such conditions 
are seldom encountered in engineering surveys. 

156. Measurement of Base Lines and Angles. This type of 
work is best left to experienced men. Base lines are measured 
as mentioned in Chapter II, to any required degree of preci¬ 
sion. Angles are repeated four to twelve times with transits or 
repeating] theodolites wiiose verniers may read to within from 
1 minute to 10 seconds. It is customary to repeat the angle 
about six times with the telescope normal and then to use six 
repetitions in measuring the explement (360° — the angle) of 
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Inc angle with the telescope upside down, as mentioned on 
t i mi-106, and as shown in Fig 94 Frequently scv eial such sots 
in measured Such precise triangulation is described m works 
on lnglier surveying 


a .... 



( ovrtrsy if A Lietz Co 

I Hi l")f> TrHMiI LAIION 


Much piecise angle measurement is made with a dm chon 
nstnnmnt which measure^ angles to perhaps one or tw r o sec- 
ukU l>y means of a micrometer screw instead of a vernier Such 
nstiuments are not arranged so that the angles may be repeated 
s with d transit They are seldom used except in Federal 
Government work 

157. Elevations by Triangulation. Figure 157 shows a method 
f obtaining elevations in connection w r ith horizontal triangu- 
dion In any triangulation work elevations may be computed 
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if the vortical angles are measured in addition to the horizontal 
angles. The elevations so computed are limited in accuracy 
by the precision of the vertical angles. For example, an error 
of 0° 01' in the vertical angle would make an error of about \% 
feet in the elevation of a point one mile distant. Correction 
must be made for curvature and refraction as mentioned on 
page 87, for single observations. 



V B h fa/7 a -C 
wc ? V=h far? 0 + C 
2 V~f?(fana +fan 
or hffana + fa/70) 


where C = correcf/an fhr 
currafi/re a/xf nefracf/on. 


Fig. 157. 


Errors of curvature, of adjustment, and of refraction are 
eliminated if the mean tangent of a and 0, measured simul¬ 
taneously at both ends of the line is used. If the double meas¬ 
urements are not made simultaneously, then errors due to 
change in refraction remain. If the observations are taken 
when the refraction is nearly constant, as on cloudy days, or at 
night or from 2 to 4 p.m. on sunny days, it is unnecessary that 
they be made simultaneously. 
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158. Construction Triangulation. Triangulation is used in 
tht* (surveying and construction of tunnels, bridge piers, subways, 
,iml the like, where distances with a precision on the order oi 



Establishing Control of Pressure Tunnel. 

1 25,000 are required and direct measurement is awkward or 
impossible. Figure 158 is an example of such a triangulation 
\\Mem. 


159. City Triangulation. Because of the high degree of pre¬ 
cision of surveys required for expensive city property, and for 
the further reason that traversing in cities is somewhat awk¬ 
ward on account of traffic, and that high buildings or structures 
an* available for triangulation stations, triangulation is fre¬ 
quently used as the basis, or skeleton, of city surveys. A recent 
example is that of Fig. 159. 

160. Hydrographic Surveys. Simple triangulation is generally 
nployed in sounding wide bodies of water, such as rivers, 
kes, and along the sea coast. The man taking the soundings 

1 usually in a boat. The position of the boat at the moment 
mounding is frequently obtained by two transits on shore at 
1 1 opposite ends of a base line as in Fig. 160, or by the use of 
extant in the boat. Many modifications of this method are 
■ d. 
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Courtesy of U. S. Coast and Geodetic Surrey 


Fio. 159. Scheme op First and Second Order Control fob a City 

Survey. 
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Triangulation frequently offers the most rapid and precise 
Method of conducting shore surveys along streams, lakes, or 
inner passages along the sea coast. If such surveys are made 

as traverses (Fig. 153), they 
are difficult and expensive 
since they must follow the 
winding shore line, fre¬ 
quently over rough or tim¬ 
bered country. As may be 
inferred from Fig. 153, a 
triangulation party with a 
motor boat will accomplish 
work rapidly. 

161 . Precise Triangulation. The most precise triangulation 
is done by the United States Coast and Geodetic Survey in 
extending the first order triangulation net of Fig. 161 across 
the continent. The highest order of precision is obtained. Base 
lines are measured with errors on the order of one in a million 
or better, and angles are measured to a fraction of a second. 

The computed sides of the triangles, many miles in length, 
:irr required to cheek with a precision on the order of 1/25,000. 
Allowance is made for the curvature of the earth. Such work 
i s described in the Manual of First Order Triangulation pub¬ 
lished by the United States Coast and Geodetic Survey and 
in books on geodetic surveying. This is a specialized type of 
Mirvey work and is only accomplished efficiently by men with 
highly specialized experience. 

162 . Azimuth Mark Set for Use in Local Land Surveys. 

Establishment of an azimuth mark at a distance of 300 to 400 
yards from a triangulation station has been the practice of 
< 11pincers of the U. S. Coast and Geodetic Survey for several 
}< ar.s past, according to the June 1933 Bulletin of the Associa¬ 
tion of Field Engineers, U. S. Coast and Geodetic Survey. 

1 hese marks are so set that they can be seen from the ground 

the station, in order to enable local engineers and surveyors 
t( ''tart their traverses from the triangulation stations. 

163. Conclusions. Triangulation offers the cheapest and 
i'ost precise method of controlling extensive surveys, particu- 



Jpeference L/r?c 
Fig. 160. 
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larly in rough country, but it is seldom used for small areas and 
ior ordinary degrees of precision, except where traversing is 
unusually difficult. It is best done by men who have had such 
experience, especially where precise results are needed. 

The following extracts from Topographic Instruction of the 
l’mtrd States Geological Survey , Bulletin 788-B, 1926, are appli¬ 
cable to the usual engineering triangulation, in which errors arc 
t ,f the order of a few seconds in angk- and less than 1/5000 in 
distance. 

“Stations should be selected and signals built before any 
observing is done, and to this end the triangulator and his 
assistant should make a reconnaissance over the area to be 
controlled. This reconnaissance* should be thorough enough 
to disclose every practical scheme of triangulation and the 
angles at each point should be measured with a pocket compass 
and platted with the protractor so that the size and proportions 
of the figures may be ascertained. All preparatory work, such 
ts .setting tablets and posts, erecting signals and scaffolds, 
desiring lines of sight, and obtaining consent of owner, if on 
private land, should be completed during this reconnaissance, 
-o that the final observing may bo performed with economy 
and dispatch. The reconnaissance affords the triangulator 
opportunity to acquaint himself with the territory. . . . The* 
most desirable groups of triangles consist of either quadri¬ 
laterals with both diagonals sighted or central-point figures 
with four to seven sides. The triangles composing these figures 
hould be well proportioned, angles measuring not less than 
•>()° nor more than 120° each. The scheme should not be allowed 
'o dwindle down to single*, unsupported triangles, and especial 
»are should be taken to connect the work done* with e)the*r we>rk 
h v means of well-proportioned triangles. Overlapping figure's 
'i‘ an excess of observed lines beyonel those ne*cc*ssary to insure* 

' double determination e)f each length are* undesirable, although 
diagonal through some figure may occasionally be* valuable 
a check. As a rule additional lines of this kind only compli- 
te the main scheme without materially adding strength, and 
’ merous observations made for them are discarded by the 
mputers as superfluous. Judgment is to be used in this mat- 
, however, for in many regions the atmospheric conditions 
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are exceedingly uncertain, and the observer cannot always 
count on being able to see in both directions over every line 
that may be essential to the main scheme. In such regions it 
is well to err on the safe side and obtain too many data rather 
than too few. . . . Two or more permanent reference marks 
should be established about each station mark.” 



CHAPTER XII 


LAND SURVEYS 

GENERAL 

164. Introduction. The surveying of land boundaries ante¬ 
dates recorded history. It is doubtless truly stated that prac¬ 
tical geometry and surveying were largely developed in the 
distant past to redetermine the position of land boundaries 
which were obliterated annually by the overflow from the Nile 
River in Egypt. For thousands of years it has been necessary 
continually to re-establish old boundaries and to establish new 
one*. 

Land surveys are the stock in trade of the surveyor, involv¬ 
ing as they do the determination of lengths, directions, and 
areas. The engineer sometimes makes such surveys, especially 
in his younger years; but his interest is more frequently in 
those broader professional phases mentioned in the following 
paragraph. 

Most business men and executives have occasion, from time 
to time, to conduct transactions involving real estate and the 
surveys and descriptions connected therewith. The writing of 
*Ascriptions of land boundaries and the computation of areas, 
such as occur in deeds, mortgages, right-of-way documents, 
and the like, is properly the function of the engineer or sur- 
\ eyor, especially if complications are involved. Difficulties fre¬ 
quently arise when others attempt this function. The modern 
corixjration has many dealings in land, and questions regarding 
boundaries are referred to the engineering department. The 
better type of real-estate transaction is based in part on a 
survey on the ground, both to show the new owner or mort¬ 
gagee what the actual boundaries and area are, and to assure 
bun that he has not inadvertently acquired an old boundary 
dispute or a law suit. Many engineering constructions ana 
improvements must be built with reference to property lines 
"hich must be definitely located on the ground. The layman 
Kls only a hazy and imperfect idea regarding these matters. 
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165. Records. Courts have ruled that any deed, mortgag< 
or agreement as to property lines, or any document affecting 
land titles is not legally effective as against another previously 
filed and conflicting document; in other words, that any such 
document should he promptly filed with the proper official 
This may he the county registrar or recorder of deeds or other 
official, depending on the statute covering the matter in the 
particular state. This official copies the document into nis 
records and it is there available for public inspection. Because 
of the 1 large 1 number of documents thus chronologically recorded, 
it is necessary to maintain an index. To use such an index, one 
must know the approximate date of recording, the nature of 
the document, and the names of the parties to and/or from 
whom the document was made. These names may be the 
grantor or grantee in cases of a deed, the mortgagor or mort¬ 
gagee in the case of a mortgage, or the owner in certain special 
cases. When the engineer or surveyor looks up these records, 
it is usually with the purpose of securing from them the exact 
legal description of the property. However, he frequently 
secures this information from some document in the hands of 
the owner or from the professional searcher of records who is 
described in the following section. 

In addition to the preceding records, the Office of Records 
will contain most of the frequently needed maps which have 
been filed to show the subdivision, or dividing up, of property 
into small acreage tracts or city lots, as in Fig. 226. Frequently, 
also, it may contain field notes and records of subsequent sur¬ 
veys useful in locating missing corners. 

166. Record Searchers. The indexes kept in the city or 
county offices bearing on land titles are not arranged conven¬ 
iently for the layman to secure a summary of all documents 
filed regarding a particular piece of property. Private title¬ 
searching companies, or abstract companies, are better prepared 
for such work and will furnish, for a fee, a complete series oi 
sheets of paper upon each of which is abstracted, or briefed, 
the essential features of one of the filed documents regarding 
the property in question. These are commonly known as ab¬ 
stracts of title but, unfortunately, the layman cannot under- 
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stand them and it is necessary to submit the abstract to an 
attorney versed in land transfers, who will render an opinion 
regarding the validity of the title to the property. 

The functions of the abstractor and attorney have in recent 
years been combined and an insurance policy added, so that 
the modern title insurance company, or title guarantee com¬ 
pany, performs all of these functions. Most real estate trans¬ 
actions are now handled for the principals by such companies. 
Their policies insure the title of the property, but exclude cer¬ 
tain features; for example, they assume no responsibilities 
regarding the location of the property lines as determined by 
surveys. The best modern practice is for both parties to a 
transaction to place all papers and monies in the hands of a 
reliable company of this nature, in escrow — a sort of temporary 
trusteeship. The title company thereupon, for a fee, investi¬ 
gates all questions regarding title, regarding the survey and 
determination of boundaries, and so on. If everything can be 
made agreeable to the terms of the escrow, the title company 
then files the documents and pays the money, thus completing 
(he* transaction, without risk of misunderstanding or fraud. 

167. Courts. Many disputes regarding land boundaries may 
best be settled by agreement or arbitration between affected 
parties and such an agreement should he filed with the recording 
office. This failing, recourse may be had to proceedings in the 
proper court. Here the engineer or surveyor enters as an expert 
witness only. He has no power to decide the matter, even though 
he may hold official position as a county surveyor or city engineer. 

Special Land Courts , patterned after the Australian Torrens 
Act, are in operation in California, Massachusetts, Minnesota, 
Ohio, Hawaii, and the Philippines. Some twelve other states 
have enacted similar statutes which arc not in effect as yet, 
however. Claimants refer questions regarding land surveys and 
litles to these courts. A moderate fee is charged. Detailed 
urveys conforming to definite specifications must be submitted 

» the court, which is empowered to render a decision. These 

0 seldom reversed by a higher court. 

168. General Considerations Governing Land Surveys. 

Ifos/ modem surveys are resurveys It is held by the courts 
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that the function of the surveyor is to reestablish the comers 
of the property in their original location on the ground rather 
than according to exact and accurate surveys and descriptions 
of property. In other words, it is not the function of the sur¬ 
veyor to change the position of corners by correcting the original 
surveys, but only to locate the corners in the position which 
they originally occupied on the ground. 

One exception may be noted. In most states exclusive, ac¬ 
tual, continuous, visible, hostile, and notorious possession of 
land, or the position of a land boundary, which has existed for 
a statutory period, normally 20 years (in some states 10 years), 
gives title to the land. Missouri and Maine give the minimum 
weight to this legal principle of adverse possession. A somewhat 
similar doctrine of acquiescence is in effect in some states, 
notably in Iowa. 

Where color of title exists, that is, “the semblance or appear¬ 
ance of legal or equitable title which is in fact no title”; then 
adverse possession ripens into title in one-half of the time nor¬ 
mally required, in some states. It is not possible to take over 
a public road by ad verst* possession except that a few states 
[H*rmit this after a period of double the normal statutory 
requirement. 

Where adverse possession controls a corner, no time is there¬ 
fore to be spent in relocating the original corner. Even where 
the period of possession is less than the statutory one, it is 
frequently undesirable to attempt to disturb long-established 
property lines which are generally accepted, as evidenced, for 
example, by roads, fences, buildings, and the like. 

If the original survey was made with the compass, using 
magnetic north, then the relocating survey must allow for the 
change in declination of the needle since that time. Should the 
old-fashioned surveyors’ or engineers’ chain have been used, 
the distances are apt to be recorded as too short due to the 
lengthened chain which resulted from wear of the chain links. 
Most of the older surveys are quite inaccurate, or at best are 
not precise. 

169. Marking Comers. Property corners are usually defined 
on the ground by stakes (sometimes with charcoal or other 
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permanent material deposited at their bottoms), mounds of 
earth, notched stones, iron pipes, fence corners, bolts leaded 
into bed rock, mounds of rock, blocks of concrete, and so on. 

It was a common practice to establish a witness corner in a 
given direction (usually along the line of the survey) and at a 
given distance from a property corner that was subject to loss 
or disturbance. The more common witness corners were blazed 
trees or corners similar to the true property corners. The dis¬ 
tances and bearings to these witness corners are recorded, as 
in the field notes on pages 216 and 217. 

In modern surveys, it is the practice to tie in the corners to 
nearby objects which can be readily distinguished. Such ties 
consist of bearings or angles and distances, as in Fig. 203. 

It is not uncommon to find the survey line between corners 
blazed on trees on or near the line of the survey. A blaze may 
be distinguished for many years, even after the bark has grown 
back over it. 

170. Difficulties of Land Resurveys. To the usual difficulties 
of surveying are added the following, largely occasioned in 
attempting to relocate old corners: 

1. Poor original surveys. 

2. Unknown bearings due to lack of known declination of 
the needle during the original survey. 

3. Missing or inadequate descriptions. 

4. Errors in transcribing data from surveys and in copying 
and recording. 

5. Lost or obliterated comers, and/or reference points, 

6. Lack of funds to do satisfactory work. 

7. Conflicting court decisions, or lack of decision, regarding 
the exact point at issue. 

8. Enmity between adjoining property owners. 

9. Lack of detailed records of surveys of abutting or nearby 
property and of pertinent court decisions in the vicinity. 

10. The surveyor’s inadequacy as an expert witness in court. 

11. The objection on the part of the owner to pay an adequate 
fee. 

It is thus evident that land resurveys are something of a 
specialty which will best be left to those qualified for such 
work in the particular locality. Frequently this may be accom- 
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plished by the corporation engineers' making the basic surveys 
with their own organization (usually in connection with the 
surveys of their engineering project) but calling upon the local 
surveyor, as, for example, the county surveyor or private sur¬ 
veying company in a city, to identify corners and to advise upon 
the restoration of those which have been lost or obliterated 
The local surveyor usually has considerable standing in the 
community and its local courts, and the best available infor¬ 
mation. For all these reasons, the engineer without local experi¬ 
ence should avoid all but the simplest land surveys. The 
engineer or surveyor is legally liable for damage due to in¬ 
correct work in which he has failed to exercise that degree of 
prudence, judgment, and skill which may be reasonably ex¬ 
pected of a member of his profession. 

In all cases the engineer or surveyor must realize that his 
primary function is to aid in determining the boundary to the 
satisfaction of the interested parties. Every effort at concilia¬ 
tion and arbitration should be exhausted before a client is 
permitted to go to court. The surveyor must consider himseli 
simply as an adviser, a technician, or an expert witness; not 
as having authority to settle a dispute. An excellent discus¬ 
sion of The Surveyor and His Legal Equipment, by Prof. A. II. 
Holt, is given in the Transactions of the American Society of 
Civil Engineers, Vol. 99, 1934, page 1155. 

171. Weight Accorded Various Factors in Surveys. A land 
description is, of course, to be interpreted as forming a closed 
survey. Natural and ascertained objects on the ground are 
normally given the greatest weight, then artificial monuments* 
then a statement of adjoining property (which in a sense is an 
independent designation of the boundary). As between distance 
and bearing of lines, that should be given the greater weight 
which was probably the more accurately measured. Area is 
given least weight in determining land boundaries unless, as is 
sometimes the case, area is the essence of the deed. Errors in 
bearings or distance are usually proportioned over the lines and 
distances intervening between known monuments. It must be 
remembered that the original location of the corners on the 
ground is desired. 
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172. Procedure in Resurveys. The proper descriptions, maps, 
and field notes must be secured; then the existing or easily 
identified corners found on the ground, using local witnesses. 
Only after a thorough search, including digging for corners not 
evident on the surface, and all possible testimony from local 
j>cople, should the attempt be made to reestablish the corner 
by surveys. Following the surveys, a new search for the corner 
is sometimes successful since the probable location is then more 
definitely established. 

Should it be necessary to reestablish a corner by surveys, 
this is usually accomplished by proportionate measurement and 
other procedure's described later in this chapter. 

livery effort should be made to secure an agreement between 
interested property owners without recourse to the courts, and 
friendly relations should bo fostered. However, in case of legal 
action the surveyor, because of his knowledge and experience, 
is quite often called upon to testify as an expert witness. 

173. Subdivisions. The subdivision of property into city 
lots is described in § 226. Somewhat larger acreage tracts are 
similarly surveyed. 

174. Metes and Bounds Surveys. Most of the land surveys 
in the original thirteen colonies, Kentucky, and Tennessee, 
and occasional surveys elsewhere, are executed and described 
as a closed traverse of successive bearings and distances known 
as inch s and bounds. They are rarely encountered in or near 
cities, i-inco such property is divided on the plats described in 
the previous section. Neither are they often encountered wdiere 
the United States Government has sectionalized the country 
as shown on Fig. 179 (page 211); although an exception is to 
be noted in that metes and bounds descriptions are occasionally 
found on sectionalized land where Spain, France, England, or 
<mr ow’n government granted land before the sectionalizing was 
done; also in mineral claims, and the like. 

It is legal and permissible, although frequently not advis¬ 
able, convenient, or desirable, to describe any tract of land by 
metes and bounds. A thorough and complete metes and bounds 
description follows, although many such surveys are less ade¬ 
quately described. This description is from Figs. 253 and 
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253a, and conforms to recommendations of the Am. Soc. C. E. 
in their June 1941 Proceedings. “Beginning at a concrete 
monument located 1253.3 feet south and 49.6 feet west from 
the cross on the stone at the intersection of the center lines 
of Maryland and Rollins Avenues in the City of . . County 
of . . ., State of . . .; thence 

North 81° 44' west along the southerly line of Kentucky 
Avenue for a distance of 939.0 feet to an iron pin on the easterly 
line of Providence Road; 

South 10° 04' west along the easterly line of said Road for a 
distance of 833.7 feet to an iron pin; 

South 63° 18' east along the northerly iron fence of the 
Stadium for a distance of 182.7 feet to a cross cut on a stone; 

South 77° 42' east continuing along said iron fence for a 
distance of 310.9 feet to an iron post; 

North 67° 47' east continuing along said iron fence for a 
distance of 638.2 feet to the southwest corner of a 15-inch 
square concrete fence-corner post; 

North 1° 40' east along a woven wire fence and the property 
now, or formerly, belonging to Charles Dearing for a distance 
of 593.1 feet to the point of beginning; 

all bearings being referred to the true meridian; the tract 
containing 18.59 acres, more or less; and being shown on the 
plat drawn by John Doe, Civil Engineer, dated . . ., which 
is attached hereto and made a part hereof (or state place of 
filing if not attached to the document)." 

175. Law of Land Surveying. In this brief treatment of the 
legal aspects of land surveying and boundaries, it must be em¬ 
phasized that the intention is only to indicate the extent and 
complexity of the subject, conflicting court decisions, and the 
like. Perhaps the best published references are Surveying and 
Boundaries , by Frank Emerson Clark, Bobbs-Merrill Company, 
1939; Boundaries and Adjacent Properties , by R. H. Skelton, 
Bobbs-Merrill Company; and Public Land Surveys , by L. O. 
Stewart, Collegiate Press, Ames, Iowa, 1935. Mueh other infor 
mation is available in scattered sources, especially in periodicals, 
and this may best be located through the Engineering Index or 
the Industrial Arts Index. The literature is voluminous, espe- 
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chilly if court decisions are included. That section of the Manual 
of Instructions for the Survey of the Public Lands of the United 
States, 19^7, issued by the Bureau of Land Management of the 
Department of the Interior, which refers to lost and obliterated 
corners, should be consulted. The surveyor constantly en¬ 
counters perplexing problems which must be solved, at least 
tentatively, in the field with no reference volumes or legal advice 
available. He must bear in mind that the courts will decide 
boundaries and surveying questions in accord with legal precedent , 
only a part of which is directly concerned with surveying. * 

Where interested parties have fairly and knowingly, without 
fraud or mistake, agreed upon boundaries and have occupied 
their respective lands under this agreement, the courts will 
approve the same. Such agreements should be drawn and re¬ 
corded under adequate legal direction. One court ruling states: 
“This court has frequently passed on questions of boundaries, 
and, as has been frequently cited, ‘these settlements of boun¬ 
daries are common, beneficial, approved, and encouraged by the 
courts, and ought not to be disturbed, though it was afterwards 
shown that they had been erroneously settled. Convenience, 
policy, necessity, justice, all unite in favor of such a settlement.’ 
While a large majority of cases passed upon in this State present 
questions of acquiescence, partition, compromise, and arbitra¬ 
tion, still agreements of a recent date, where there is doubt, 
and whether the parties are right or wrong in their belief that 
the line established and agreed upon as the boundary of their 
land was precisely as it should be, have been encouraged, 
favored, and upheld in a number of eases.” 

However, if such agreement is not possible, then the best 
legal and surveying counsel is necessary in attempting to secure 
a court decision. 

As an example of the varying decisions rendered by courts in 
the various states, the reader is referred to page 220, where the 
general law regulating boundaries adjoining navigable bodies of 
water and other important rivers and lakes is stated in an 
Iowa decision. In contrast to the Iowa decision, some juris¬ 
dictions hold that the riparian (land bordering on water) pro¬ 
prietor owns the bed and the right to the water resting thereon 
to the center line or the “thread of the stream” of both navi- 
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gable and non-navigable streams, subject, of course, to the 
rights of the public to navigate and use said streams. Non- 
navigable lakes are governed by a similar rule in those states. 
In other cases, as in Missouri, the court has held that a riparian 
proprietor owns to low water mark on navigable rivers. A 
great many other variants could be cited. 

As another instance, a large number of varying decisions 
have been rendered regarding avulsion (the apparent loss of land 
because of the sudden and perceptible change of the course of a 
river, as when a cutoff develops suddenly), revulsion (a reversal 
of this process), and accretion (where land is built up slowly 
due to deposits). 

The engineer or surveyor is bound to exercise that degree of 
care which a skilled civil engineer of ordinary prudence would 
have exercised under similar circumstances, and the engineer is 
liable for damages under these circumstances, whether ho be a 
private engineer, a city engineer, or a county surveyor. 

The law pertaining to libelous things written, or scandalous 
remarks made, of a surveyor in his professional capacity, is 
practically the same as in other professions. If libelous writing 
or scandalous statements tend to injure him in his profession, 
an action for damages w r ould lie. The recent trend of court 
decisions is toward the admissibility of expert testimony from 
a surveyor or engineer regarding almost all phases of questions 
regarding boundaries. However, he should consult an attorney 
as to whether certain types of expert testimony will be received 
by the courts from him, since in the past courts have refused 
to admit some types of such testimony. 

ORIGINAL FEDERAL SURVEYS 

176. United States Public Land Surveys. All of the quota¬ 
tions and figures which follow* in this chapter are extracted from 
the Manual of Instructions for the Survey of the Public Lands of 
the United States , 1939 , issued by the General Land Office of the 
Department of the Interior, or from a revision of the same 
manual published in 1947 by the Bureau of Land Management. 
The reader is referred to the Manual for a more complete treat¬ 
ment of the details involved. Only the usual present procedure is 
here described , many older practices and special conditions being 
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described, or referred to, in the Manual or in special instructions. 
The engineer must familiarize himself with the instructions in effect 
when the original survey which he is tetracing was made , since slight 
chanqes have been made from time to time* 

It is only rarely that the engineer will be connected with the 
original surveys of the public lands, but a knowledge of the 
methods employed in such surveys is necessary in order that he 
may relocate missing corners and properly subdivide the prop¬ 
erty into smaller units. 

The compass, which was formerly used, has been replaced 
by the transit. All distances in the early United States Public 
Land Surveys were measured and recorded in 66-foot Gunter's 
chains, this chain containing 100 links each 0.66 of a foot long. 
While the units of measurement remain the same, the awkward 
and inaccurate chain has been replaced by the modern steel 
tape from 2 to 8 chains long, with link subdivision. 

177. Lands So Surveyed. Practically all of the United 
States is divided by the Federal Government into sections 
approximately one mile square except the original thirteen 
colonies, Texas, Kentucky, Tennessee, and those lands yet 
belonging to the United States Government such as forest 
reserves, Indian reservations, and so on. Texas has sectional¬ 
ism! its own lands on a similar but not identical basis. The 
territory covered by United States Public Land Surveys is 
shown on Fig. 179. t 

“The term public lands has been applied broadly to this area 
insofar as the lands have been subject to administration, survey, 
and transfer of title under the public-land laws of the United 
States, wherein the jurisdiction is now vested in the Director for 
the Bureau of Land Management, under the direction of the 
Secretary of the Interior. 

“Beginning with the territory northwest of the Ohio River, 
the public land surveys have been extended, or are now being 
continued within the 29 states and the Territory of Alaska that 
has constituted the public domain." 

* As an example, m Missouri the Guide Meridians and Standard Parallels 
ire usually 30 (instead of 24) miles apart Also, double sets of corners were 
sometimes established on township and range lines similar to the standard and 
< losing corners established under present instructions on Standard Parallels. 

t For the source of the following quotations, see § 176. 
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The 29 states referred to in this quotation, the custodians of 
records, and the periods of maximum activity are as follows: 

Alabama, Secretary of State, Montgomery, 1802-1850 

Arizona, Public Survey Office, Phoenix, 1867- 

Arkansaa, Commissioner of State Lands, Little Rock, 1817 1849 

California, Regional Survey Office, San Francisco, 1851- 

Colorado, Public Survey Office, Denver, 1861- 

Florida, Commissioner of Agriculture, Tallahasse, 1822-1880 

Idaho, Public Survey Office, Boise, 1867 

Illinois, Auditor of State, Springfield, 1813-1849 

Indiana, Auditor of State, Indianapolis, 1807-1849 

Iowa, Secretary of State, Des Moines, 1836-1858 

Kansas, Auditor of State and Register of State Lands, Topeka, 1854-1877 

Louisiana, Register of State Lands, Baton Rouge, 1806-1880 

Michigan, Department of Conservation, Lansing, 1803-1860 

Minnesota, Secretary of State, St. Paul, 1848-1900 

Mississippi, Commissioner of State Lands, Jackson, 1802 1860 

Missouri, Secretary of State, Jefferson City, 1810-1850 

Montana, Public Survev Office, Helena, 1867- 

Nobraska, Commissioner of Public Lands and Buildings, Lincoln, 1854- 
1895 

Nevada, Public Survey Office, Reno, 186(1- 
Ncw Mexico, Public Survey Office, Santa Fe, 1854- 
North Dakota, State Engineer, Bismarck, 1861-1910 
Ohio, Auditor of State, Columbus, 1785-1843 

Oklahoma, Bureau of Land Management, Washington, D. C., 1871-1900 
Oregon, Regional Land Office, Portland, 1850- 

South Dakota, Commissioner of School and Public Lands, Pierre, 1861- 
1900 

Utah, Regional Survey Office, Salt Lake City, 1855 - 
Washington, Public Survey Office, Olympia, 1854- 
Wisconsin, Commissioners of Public Lands, Madison, 1833-1865 
Wyoming, Public Survey Office, Cheyenne. 1869- 
Alaska, Public Survey Office, Juneau, 1899- 

178. Historical and Legal.* “The survey of the public lands 
has been inseparably associated with the many questions of title 
relating to the lands which were turned over to the Federal 
Government by the Colonial States, also in a similar relation to 
those larger areas that wore acquired later by purchase from, or 
treaty with the native Indians, or with the foreign powers that 
had previously exercised the sovereignty. Under the laws of the 
United States the navigable waters have always been and shall 
forever remain common highways. This includes all tidewater 

♦ For the source ot these quotations, see § 176. 
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streams, and other important permanent bodies of water whose 
natural and normal condition at the date of the admission into 
the Union was such as to classify the same as navigable water.” 

The rectangular system of survey of the public lands was in¬ 
augurated by a committee appointed by the Continental 
Congress. Various acts from May 7, 1784, provided, with 
occasional modification in detail, that the public domain be 
subdivided as described in this chapter. The Congressional 
Act of March 4,1909, provides “Whoever shall willfully destroy, 
deface, change or remove to another place any section comer, 
quarter-section comer, or meander post, on any Government line 
of survey, or shall willfully cut down any witness tree or any tree 
blazed to mark the line of a Government survey, or shall will¬ 
fully deface, change or remove any monument or bench mark of 
any Government survey, shall be fined not more than $250, or 
imprisoned not more than six months, or both.” 

The various laws passed may be summarized in the following 
general rules: 

“1. That the boundaries and subdivisions of the public 
lands as surveyed under approved instructions by the duly 
appointed engineers, the physical evidence of which survey 
consists of monuments established upon the ground, and the 
record evidence of which consists of field notes and plats duly 
approved by the authorities constituted by law, are unchange¬ 
able after the passing of the title by the United States. 

“2. That the physical evidence of the original township, sec¬ 
tion, quarter-section, and other monuments must stand as the 
true comers of the subdivisions which they are intended to repre¬ 
sent, and will be given controlling preference over the recorded 
directions and lengths of lines. 

“3. The quarter-quarter-section comers not established in 
the process of the original survey shall be placed on the line 
connecting the section and quarter-section corners, and midway 
between them, except the last one-half mile of the section lines 
closing on the north and west boundaries of the township, or on 
other lines between fractional or irregular sections. 

“4. That the center lines of a regular section are to be 
straight, running from the quarter-section comer on one 
boundary of the section to the corresponding comer of the 
opposite section line. 
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“5. That in a fractional section where no opposite corre¬ 
sponding quarter-section comer has been or can be established, 
the center line of such section must be run from the proper 
quarter-section corner as nearly in a cardinal direction to the 
meander line, reservation, or other boundary of such fractional 
section, as due parallelism with section lines will permit. 

“(>. That lost or obliterated corners of the approved surveys 
must be restored to their original locations whenever it is possi¬ 
ble to do so. Actions or decisions by surveyors, Federal, State, 
or local, which may involve the possibility of changes in the 
established boundaries or patented lands, are subject to review 
by the State courts upon suit advancing that issue.” 

179. Initial Points, Meridians, Base Lines, Guide Meridians, 
and Standard Parallels. The public land surveys have been 
extended as the country became settled. An Initial Point was 
first chosen in a location convenient to control the lands which 
were to be passed from the Government into private hands. 
Those Initial Points already chosen and in use are shown on 
Fig. 179. From each Initial Point a Principal Meridian was 
run due north and/or south and a Base Line was run due east 
and or west. 

According to the Manual of Instructions , the guide meridians 
and standard parallels are now' run in a similar manner at inter¬ 
vals of 24 miles as shown on Fig. 179a. However, guide meridians 
are often found to be 30 or more miles apart. In rare instances 
additional auxiliary standard parallels and auxiliary guide 
meridians are established. 

All of the foregoing meridians are run truly north and south 
with corners set 40 chains or 1/2 mile apart; except that where 
(Snide Meridians intersect previously established Standard or 
Auxiliary Standard Parallels, the most northerly 1/2 mile will 
contain all of the accumulated discrepancy in the 24 miles (or 
more) of meridional chaining and consequently will not be 
exactly 1/2 mile. 

Since the meridional boundaries of the 24-mile tracts (or 
larger tracts) converge as they go northward tow'ards the north 
pole where they meet in a point, offsets occur on the standard 
parallels. Each guide meridian is run north to an intersection 




211 


('ourtesy of Am. Soc C E.. Citil Engineering, page 1384, Dee. 1931 




land surveys 


[Ch. XII 


212 


with the standard parallel at which pointing comers are 
on the ground. Then a new guide meridian is started from 
Z 24-mile point previously set by east and west chainage along 
Jhe standard parallel. This is shown in Fig. 179a. 
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Fia. 179a. The Light Links Enclose Townships (Six Milks Square). 

The base lines and standard parallels are run due east and/or 
west as parallels of latitude to establish the true curve of the 
parallel of latitude on the ground. These curved lines are 
everywhere at right angles to a true meridian of that point, 
but since the meridians are not parallel, the lines must evidently 

be curved, as shown in the figures. 

As each of the base lines and standard parallels is run eas 
and/or west, comers are set 40 chains (1/2 mile) apart and 
these are the true comers, or standard comers, of the surveys 
\to the north, while the closing comers previously mentioned 
control the surveys to the south. Two sets of comers, usually 
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several hundred feet apart, will therefore be found on base 
lines and standard parallels, the standard corners governing 
surveys to the north and the closing corners governing surveys 
to the south. 

180. Township Exteriors.* In the foregoing description of 
the 24-mile (usually larger) tracts, the lines were surveyed as 
true meridians and as true parallels of latitude, that is, they 
were fitted to the spherical shape of the earth. In dividing 
these larger tracts into townships which are approximately six 
miles square, the north and south lines, called range lines , are 
run as meridians but those cast and west, called township lines , 
are run as straight lines and not as curved parallels of latitude. 
Township boundaries are shown in Fig. 179a. 

“Whenever practicable the township exteriors will be sur¬ 
veyed successively through a quadrangle in ranges of town¬ 
ships, beginning with the townships on the south. The 
meridional boundaries of the townships will have precedence 
in the order of survey and will be run from south to north on 
true meridians; quarter-section and section corners will be 
established alternately at intervals of 40 chains, and meander 
corners at the intersection of the line with all meanderable 
bodies of water; a temporary township corner will be set at 
a distance of 480 chains, pending a determination of the 
controlling factor upon which its final position will be governed, 
thereupon the temporary point will be replaced by a perma¬ 
nent corner in proper latitudinal position. The latitudinal 
township boundary will be run first as a random line, setting 
temporary corners, on a cardinal course, from the old towards 
the new meridional boundary, and corrected back on a true 
line if ideal conditions are found to obtain. Where both 
meridional boundaries are new lines or where both have been 
previously established, the random latitudinal boundary will be 
run from east to west. In either case, if defective conditions are 
not encountered, the random line will be corrected back on a 
true line, upon which will be established regular quarter-section 
and section corners at intervals of 40 chains, alternately, 
counting from the east, and meander comers at the inter- 

* Fop the source of these quotations, see § 176. 



214 


LAND SURVEYS 


[Ch. XII 


section of the true line with all meanderable bodies of water. 
The bearing of the true line will be calculated on the basis of 
the falling of the random, and the fractional measurement will 
be placed in the west 1/2 mile. A meridional township 
exterior will be terminated at the point of its intersection with 
a standard parallel, placing the excess or deficiency in measure¬ 
ment in the northernmost half mile.” 

181. Subdivision of Township into Sections. These surveys 
are made in the order shown on Fig. 181, the section lines on 
the interior of the township being run as nearly as may be 



Fig 181 . A Townmiip. 


parallel to the south and east boundaries thereof. Line 1 is 
parallel to the east line of section 36 and determines its north¬ 
west corner as well as the west 1 /4 corner of section 36. Line 2 
is run as a random east and corrected so as to hit the previously 
established northeast corner of section 36. A 1/4 corner is 
set midway on this corrected north boundary, usually by offset 
from the mid-point on the random line. 





Fig. 181 a. Part of|a Township Plat. 
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The survey is continued north and east in a similar manner 
until line 11 is run as a random line parallel to the east line of 
action 1, and corrected to hit the previously established 
northwest corner of section 1. When line 11 reaches a standard 
parallel, it is not so corrected, but the 1/4 corner is set at the full 
half mile on line 11 and all error of chaining is thrown into the 
last approximate half mile on the north. 

This procedure is continued northward and eastward from 
the south township boundary in the order shown by the num¬ 
bers on the lines. For the west tier of sections random lines 
are run west and corrected to the previously set section cor¬ 
ners on the west boundary of the township, throwing all errors 
of chaining into the west approximately 1/2 mile. 

All of the interior meridional section lines of the township are 
run approximately parallel to the east boundary of the town¬ 
ship and are therefore not true meridians. They are not always 
exactly parallel; if, for example, the length of line 2 does not cor¬ 
respond with that of the south line of section 36, then line 3 is 
inclined slightly to the east or west as may be required to make 
line 4 correspond in length with the south line of section 36. 

It is attempted to make the east and west interior section 
lines of the township parallel to the south boundary of the 
township, but since this is accomplished by chaining along 
the meridional lines, it is not very well accomplished. 

It should be noted that in subdividing it, the township is 
treated as though it were laid out on a plane and not as a part 
of a spherical surface. 

All sections, except those on the north and west boundaries of 
the township and except those other sections that contain lots be¬ 
cause of bodies of water or other irregularities , contain approxi¬ 
mately 640 acres and are approximately 1 mile square. They 
may be divided into 1/4 sections of 160 acres; 1/4 1/4 sections 
of 40 acres; and so on. 

The method of numbering the sections in the township shown 
by Fig. 181 should be memorized. 

Township plats, similar to Fig. 181a, are available for all 
lands which have been sectionalized by the Government, at a 
nominal cost. Such plats are essential in retracing the original 
mrveys, and are useful for much engineering investigation. 
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The detailed field notes are also available but are somewhat, 
expensive and not so generally used. The following notes 
cover a mile of the survey of Fig. 181a. 

Chains. I. commence the subdivisional survey at the cor. of secs. 1, 2, 35, 
and 36, on the S. bdy. of the Tp., w Inch is a sandstone, 8x6x5 
ins. above ground, firmly set, marked and witnessed as de¬ 
scribed in the official record. 

N. 0° OF W., bet. secs. 35 and 36. 

Over level bottom land. 

20.00 Enter scattering ash and cottonwood. 

29.30 SK. cor. of field; leave scattering timber. 

31.50 A settler’s cabin bears West, 6.00 chs. dist. 

39.50 Set an iron post, 3 ft. long, 1 in. diam., 27 ins. in the ground, for 

witness 34 sec. cor., with brass cap mkd. 

WC 

S 351S 36 
I 

1925 

dig pits, 

18x18x12 ins., N. and S. of post, 3 ft. dist. 

Enter an ungraded road, bears N. along section line, and E. to 
Mound City. 

40.00 True point for 34 sec. cor. falls in road. 

Deposit a sandstone, 14x8x5 ins., mkd. X, 24 ins. in tne ground. 

50.50 NE. cor. of field. 

51.50 Hoad to Bozeman bears N. 70° W. 

57.50 Enter heavy ash and cottonwood, and dense undergrowth, beam 

N. 54° E. and S. 54° W. 

72.00 Leave undergrowth. 

80.00 Set an iron post, 3 ft. long, 2 ins. diam., 27 ins. in the ground, foi 
cor. of secs. 25, 26, 35, and 36, with brass cap mkd. 

T 15 N R 20 E 
S 26 S 25 

S 35 S 36 
1925 


from which 
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A green ash, 13 ins. diam., bears N. 22° E., 26 Iks. dist., mkd. 
T 15 N R 20 E S 25 B T. 

A green ash, 23 ins. diam., bears S. 71 E., 37 Iks. dist., mkd. 

T 15 N R 20 E S 36 B T. 

A green ash, 17 ms. diam., bears S. 64° W., 41 Iks. dist., mkd. 
T 15 N R 20 E S 35 B T. 

A cottonwood, 13 ins. diam., bears N. 21J^°W., 36 Iks. dist., 
mkd. T 15 N 11 20 E S 26 B T. 

Land, level bottom; northern 20 chs. subject to overflow. 

Soil, alluvial, silt, and loam; 1st late. 

Timber, green ash and cottonwood; undergrowth, willow. 

Field notes, township plats and surveys are always more irregular 
and inaccurate than in the preceding ideal examples. 

182. Irregular Boundaries. At certain points in the public 
domain, some of the old controlling boundaries from which 
additional surveys were to be made, have been found erroneous 
beyond permissible limits. In other instances, natural obstacles 
have interfered. In these cases auxiliary or correction lines have 
been run to facilitate the further subdivision and are so re¬ 
ported in the field notes and so designated on the maps. 

183. Order of Surveys. The various surveys of a single type, 
as, for example, township exteriors, are not usually all run at 
one time but several types may be in progress simultaneously 
from the same camp. 

184. Subdivision of Sections. In general, the United States 
public land surveys set only the section, quarter-section, and 
meander corners on the exterior lines of the sections and no 
corners are set inside of the section. However, the township 
plats of the survey (Fig. 181a) do show each section divided 
mlo quarter-sections, these interior section lines being drawn, 
but not surveyed, by the Government. Along the north and 
"<^t boundaries of the township and at other locations where 
^regularities occur, as, for example, bodies of water, the plats 
‘how lots which are introduced to show that irregular tracts, 
n, 't full 1/4 sections, exist at these points. The lot lines are 
Mwt surveyed by the Government. Figure 184 shows the sub¬ 
division of a section. 

it is thus evident that any survey inside of the sections, 

ther to locate the subdivisions shown on the plats or to 
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i irther subdivide the platted areas, must be made by com- 
>*tent private surveyors or engineers. The law governing such 
.ibdivision surveys is well established, to the end that property 
may be simply, definitely, and uniformly described as illus¬ 
trated by the following examples: 

1. The north-cast quarter (NE 1/4) of section thirteen (13), 
Township six (6) north, Range three (3) west, of the Fifth (a) 
Principal Mtridian , County of . . State of . . ., containing 
on( hundred and sixty ( l(iO) acres , more or less , according to 
the United States Survey. 

L The south half (S 1/2) of the south-west quarter (<SW r 1/4) 
of the north-east quarter (NE 1/4) of section thirteen (13) . . . 
'ind so on as above. 

3. Lots one and two (1 and 2) of section thirteen (13) . . .and 
sy> on as above. 

In fractional sections, that is, where some of the quarter- 
section corners have not been set on the ground or map be¬ 
cause of bodies of water or other obstacles or reasons, sub* 
divisional lines are controlled precisely as though the section 
lines laid been completed regularly. This is accomplished by 
running lines in one of the two following ways. 

1. In a mean direction between two adjacent lines, or 
occasionally parallel to a single boundary of the section, as 
conditions may require. 

2. By proportionate measurement , w T hich is a “ measurement 
having the same ratio to that recorded in the original field 
notes as the length of the line by re-measurement bears to its 
length as given in the record.” This process is also necessary in 
locating lot boundaries of the sections along the north and west 
boundaries of the township, and in meander corners, mentioned 
In t or. 

“By w r ay of recapitulation . . . thus will be produced in the 
held the figure represented upon the plat, every part of the 
burner in true proportion to the latter, where the elements of 
solute distance and area have given way to corresponding 
oportional units as defined by fixed monuments established 
the original survey.”* 

" For the source of these quotations, see § 17fi. 
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185. Meandering.* “ All navigable bodies of water and other 
important rivers and lakes (as hereinafter described) are to 
be segregated from the public lands at mean high-water eleva¬ 
tion. The traverse of the margin of a permanent body of water 
is termed a meander line . 

“The running of meander lines has always been authorized in 
the survey of the public lands fronting large streams and bodies 
of water, but the mere fact that an irregular or sinuous line 
must be run, as in case of a reservation boundary, docs not 
entitle it to be called a meander line except where it closely 
follows the bank of a stream or lake. The legal riparian rights 
connected with meander lines do not apply in case of other 
irregular lines, as the latter are strict boundaries. 

“Low-water mark is the point to which a river or other body 
of water recedes, under ordinary conditions, at its lowest stage. 
Iligh-watcr mark is the line which the water impresses on the 
soil by covering it for sufficient periods to deprive it of vegeta¬ 
tion. liaide v. Dollar, 203 P. 469 (1921). The shore is the space 
between the margin of the water at its lowest stage and the 
banks at high-water mark. Alabama v. Georgia , 64 U.S. 505 
(1859). 

“Numerous decisions in the United States Supreme Court 
and many of the State courts assert the principle that meander 
lines are not boundaries defining the area of ownership of tracts 
adjacent to waters. The general rule is that meander lines are 
not run as boundaries, but to define the sinuosities of the banks 
of the stream or other body of water, and as a means of ascer¬ 
taining the quantity of land embraced in the survey, the stream, 
or other body of water, and not the meander line as actually run 
on the ground being the boundary. When by action of water 
the bed of the body of water changes, high-water mark changes 
and ownership of adjoining land progresses with it. Lane v. 
United Stales, 274 Fed. 290 (C.C.A., 1921); Harper v. Holston, 
205. P. 1062 (Wash. 1922). 

“Meander lines will not be established at the segregation line 
between upland and swamp or overflowed land, but at the 
ordinary high-water mark of the actual margin of the river or 
lake on which such swamp or overflowed lands border. . . . 

♦ For the source of these quotations, see § 176. 
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“At every point where either standard, township, or section 
lines intersect the bank of a navigable stream, or any meander- 
able body of water, comer monuments at such intersections will 
be established at the time of running these lines. Such monu¬ 
ments are called meander corners . In the survey of lands border¬ 
ing on tide waters, meander corners may be temporarily set at 
the intersection of the surveyed lines with the margin of mean 
high tide, but no monument should be placed in a position 
exposed to the beating of the waves and the action of ice in 
severe weather. In all such cases, a witness corner on the line 
surveyed, at a secure point near the true point for the meander 
corner, will be established. The crossing distance between 
meander corners on the same line will be ascertained by tri- 
angulation or direct measurement, and the full particulars will 
be given in the field notes. . . . 

“ Meander lines are run in surveying fractional portions of the 
public lands bordering on navigable rivers, not as boundaries 
of the tract, but for the purpose of defining the sinuosities of the 
banks of the stream, and as the means of ascertaining the quan- 
lity of land in the fraction subject to sale, which is to be paid 
for by the purchaser. . . . 

“The field notes of meanders will show the corners from 
which the meanders commenced and upon which they closed, 
and will exhibit the meanders of each fractional section sepa¬ 
rately. . . . Navigable rivers and bayous, as well as all rivers 
not embraced in the class denominated navigable, the right 
angle width of which is three chains and upward, will 
be meandered on both banks. . . . Rivers are not classed as 
navigable will not be meandered above the point where the 
average right angle width is less than 3 chains, except when 
duly authorized. 

“ Shallow streams and intermittent streams without well- 
defined channel or banks will not be meandered, even when 
more than 3 chains wide. Tide-water streams will be meandered 
d ordinary mean high tide as far as navigable even when less 
’ ban 3 chains wide. 

“The meanders of all lakes of the area of 25 acres and up¬ 
wards will be commenced at a meander corner and continued, 
,s above directed, for navigable streams.” 
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186 . Permissible Limits of Errors and Closure in United 
States Public Land Surveys.* “Under the general subjects oi 
‘township exteriors , and ‘subdivision of townships* certain 
definite limits were prescribed beyond which previously estab¬ 
lished surveys are classed as ‘ defective* or in the case of new 
surveys corrective steps are required. Such limits constitute 
the standard of accuracy of the United States rectangulai 
surveys, and, for convenience, have been referred to as the 
‘rectangular limit,* ‘limit for the control of new surveys,* 
‘limit relating to defective exteriors and section lines,* ‘limits 
for subdivision,* etc., each expression having been formed to 
suit the descriptive exigency of the text. A more general 
requirement known as the ‘limit of closure* will be applied 
as a test of the accuracy of the alignment and measurement 
of all classes of lines embraced in any closed figure incident 
to the public-land surveys, and corrective steps will be 
required wherever this test discloses an error beyond the allow¬ 
able limit. 

“The ‘error of closure* of a survey may be defined, in general 
terms, as the ratio of the length of the line representing the 
equivalent of the errors in latitude and departure (as found 
by a tabic of latitudes and departures) to the length of the 
perimeter of the figure constituting the survey; but, with due 
regard for the controlling coordinate governing lines of a 
rectangular survey, pronounced accuracy in latitude will not 
be permitted to offset gross exterior in departure, or vice versa, 
and, in order to be consistent with the fundamental theory, a 
double test must be applied in place of the one expressed in 
general terms. The ‘limit of closure* fixed for the United States 
rectangular surveys may be expressed by the fraction 1/452 
provided that the limit of closure in neither latitude nor depar¬ 
ture exceeds 1/640, and where a survey qualifies under the 
latter limit the former is bound to be satisfied; thus an accumu¬ 
lative error of links per mile of perimeter, in either latitude 
or departure, will not be exceeded in an acceptable survey. 
The limit of closure as thus expressed may be applied to various 
specific conditions as heretofore stated. 

“The latitudes and departures of a normal section shall each 

* For the source of these quotations, see $ 176. 
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within 50 links; of a normal range or tier of sections, within 
7.) links; and of a normal township, within 300 links. The 
,oiiii(laries of each fractional section including irregular claim 
lines or meanders, or the meanders of an island or lake in the 
interior of a section, should close within a limit to be deter¬ 
mined by the fraction 1/640 when the error in either latitude or 
depaiturc is considered separately; the same rule will be applied 
to all broken or irregular boundaries. 

“Engineers are required to compute all doubtful closings 
while in the field in the immediate vicinity of a particular line, 
oi series of lines, in question, and to accomplish all necessary 
coireetive work before concluding a survey. 

“Further attention is required on the subject of the accuracy 
of the current surveys when considered apart from the basic 
limit of 21' departure from the cardinal, or 50 links per mile 
iillowable tolerance in measurement, when these are applied as 
a test of acceptable rectangularity, especially in initiating or 
closing new surveys from, or upon, the approved older surveys 
llmt may lack modern requirements as to accuracy. . . . 

“This is a test that bears directly on the improved technique 
which is mn\ practiced in the making of public land surveys. 
The latter has its own limit in the region under survey.” 

Thi public land surveys have been made with increasing pre- 

< is)on as time has passed, as land has become more valuable , and as 
bfltei technique has been developed. It will frequently be found 
that the older surveys greatly exceed the limits of error specified 
above , while the few made recently will usually fall well within 
aich limits . 

187. Marking Comers and Lines and Noting Resources.* 

‘‘The marking of a survey upon the ground in such a manner 

to fix forever the position of the legal lines in relation to the 

< arth’s surface is the final step in the field work, and is accom¬ 

plished in three ways ... (a) The regular corners of the public- 
• ind surveys are marked by fixed monuments of specified char¬ 
ter . . (b) the relation of the officially surveyed lines to 

‘dural topographic features is recorded in much detail . . .; 
i*d (c) the locus of the legal lines, wherever living timber is 
^countered, is plainly marked upon the forest trees, which is 

* For the source of these quotations, see § 176. 
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accomplished by the process of blazing and by hack marks. 
. . . Lines are also to be marked by cutting away enough of 
the undergrowth to facilitate correct sighting of instruments. 
. . . The undergrowth will be especially well cut along all lines 
within distances of 5 chains of comer monuments and within 
2 chains of arteries of travel.” 

The following technical and topographic features are to be 
carefully observed and recorded in the field during the progress 
of public land surveys: 

“1. The precise course and length of every line run, noting 
all necessary offsets therefrom, with the reason for making them, 
and method employed. 

“2. The kind and diameter of all bearing trees, with the 
course and distance of the same from their respective corners, 
and the markings; all bearing objects and marks thereon, it 
any; and the precise relative position of witness corners to the 
true corners. 

“3. The kind of material of which corners are constructed, 
their dimensions and markings, depth set in the ground, and 
their accessories. 

“4. Trees on line; The name, diameter, and distance on line 
to all trees which it intersects, and their markings. 

“5. Intersections by line of land objects. The distance at 
which the line intersects the boundary lines of every reservation, 
townsite, or private claim, noting the exact bearing line of such 
boundary lines, and the precise distance to the nearest boundary 
corner; the center line of every railroad, canal, ditch, electric 
transmission line, or other right-of-w ay across public lands, . . . 

“6. Intersections by line of water objects. All unmeandered 
rivers, creeks and smaller water-courses w r hich the line crosses; 
. . . All intermittent water-courses, such as ravines, gulches, 
arroyos, draws, dry-drains, etc. 

“7. The land’s surface; whether level, rolling, broken, hilly 
or mountainous. 

“8. The soil; whether rocky, stony, gravelly, sandy, loam, 
clay, etc. 

“9. Timber; the several kinds of timber and undergrowth, in 
the order in which they predominate. 
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“10. Bottom lands to be described as upland or swamp and 
overflowed, as contradistinguished under the law, noting the 
extent and approximate position of the latter, and depth of 
overflow at seasonal periods. . . . 

“11. Springs of water, whether fresh, saline, or mineral, with 
the course of the stream flowing therefrom. . . . 

“12. Lakes and ponds, describing their banks, tributaries, 
and outlet, and whether the water is pure or stagnant, deep or 
shallow. 

“13. Improvements; towns and villages; post offices; Ind* *n 
occupancy; houses or cabins, fields, or other improvements; 
mineral claims; mill-sites; . . . 

“14. Coal banks or beds, all ore bodies, with particular 
description of the same as to quality and extent; all mining 
surface improvements and underground workings; and salt 
licks. . . . 

“15. Roads and trails, with their directions, whence and 
whither. 

“16. Rapids, cataracts, cascades, or falls of water, in their 
approximate position and estimated height of their fall in feet. 

“17. Stone quarries and ledges of rocks, with the kind of 
stone they afford. 

“18. Natural curiosities, petrifactions, fossils, organic re¬ 
mains, etc.; . . . 

“19. The magnetic declination .—To be included in the tran¬ 
scribed field notes. . . . The value at the township or section 
corner at the southeasterly point of the survey, corrected to the 
moan magnetic declination, will be shown on the plot. 

“20. General Description. — The above information will be 
summarized by townships in a general description which will 
be made the concluding part of the field notes of every survey. 

I ho general description will be made to embrace many more 
comprehensive details in regard to the characteristics of the 
region than it is feasible to cover as an intimate part of the 
technical record of the survey, as follows: — 

“ Land. — A general outline of the drainage and topographical 
b.it ares of the township and approximate range of elevation 
' V,(> ve sea level. 

“Soil. — The prevailing and characteristic soil types. . . . 
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“ Timber. — The predominant forest species, age, size, condi¬ 
tion, etc. 

“Evidence of Mineral. — All known bodies of mineral, and 
lands whose formation suggests mineral-bearing characteristics, 

“Watering Places. — The areas embracing all streams, 
springs, or water holes as may be of special value as public 
watering places, . . . 

“Settlement. - - The extent of the settlement at the time of the 
survey. 

“Industry. — The industrial possibilities of the township, 
especially as to the adaptability of the region to agricultural 
pursuits, stock raising, lumbering, mining, or other profitable 
enterprise. 

“Special. — All exceptional steps in the technical process of 
the survey, and other special matters required in paragraphs 
Nos. 1 to 19, inclusive, of the above summary, not otherwise 
suitably recorded will be reported in the general description. 

“In addition to the field notes the engineers are required to 
prepare*, as the work progresses, an outline diagram showing the 
course* and Ie*ngth of all established lines with connections, and 
a topographical ske*tch e*mbracing all features usually shown 
upon the completed official township plat. These* maps will be 
made to scale, drawn in pencil only, if elesire'd, and will be kept 
up with the progress of the field work. The interiors e)f the 
sectiems will be fully completed; the topographical features will 
be sketched with care while in the view of the engineer, and the 
position within the section of the various details which are to be 
shown on the completed plat will be located with an accuracy 
commensurate with their relative importance. The design of 
the specimen township plat will be followed closely in the 
preparation of the outline diagram and topographical sketch 
plat, except that it will generally be desirable to employ a 
separate sheet for each of the two purposes. These maps will 
then form the basis of the official plat, the ultimate purpose of 
which is a true and complete graphic representation of the 
public lands surveyed.” 

It will be noted that much information useful in engineering 
promotion and development is available from these records. 
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“The courts attach major importance to evidence relating to 
the original position of the monument, such evidence being given 
tar greater weight than the record relating to bearings and 
lengths of lines. It is the purpose that the monuments shall 
.serve every necessary requirement for the identification of the 
survey. The legal importance, as thus briefly outlined, makes it 
mandatory upon the chief of the field party to exercise constant 
diligence in the workmanlike construction of lasting monu¬ 
ments. . . . 

“If the engineer is called upon to alter the condition of a 
previously established monument, t lie utmost regard should be 
shown for the original location. ... A complete record will be 
kept of the description of the old monument as identified, and 
all alterations and additions thereto. . . . 

“The description of the monument will embrace (a) the 
significance of its position; (b) length and diameter of an 
iron post; or the kind and length, width, and breadth of a 
stone; or the species and breast height diameter of a tree; 
{c) depth set in the ground, with mention of additional support, 
if any; (d) the markings upon the monument; and (c) the 
nature of the accessories including character, size, position, 
and markings. 

“The Bureau of Land Management has adopted a standard 
iron post for monumenting the public-land surveys, which will 
he generally used unless exceptional circumstances warrant 
(he use of other material.” 

188, Irregularities in Original Federal Surveys.* 

Irregularities in Surveys 

Due to less precise instruments and methods, and to cheap 
work, many of the early Federal land surveys contain errors of 
appreciable magnitude. A contract system for making Federal 
land surveys was in effect from their beginning until 1910. 
This system was thoroughly unsatisfactory, since the contracts 
were occasionally let to incompetent and dishonest men. The 
worst surveys were made between 1875 and 1890, when scan¬ 
dalous frauds were perpetrated by the contractors. Due to 

* See the references on page 201. 
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increasing rigorous inspection, the surveys improved from 1890 
to 1910. Since 1910 they have been performed in excellent 
manner by Civil Service employees under the General Land 
Office.* 

Despite the occasional fraud in the early surveys, investi¬ 
gators have found that most of those in the eastern states were 
well done, in view of the conditions existing at the time, and 
gross fraud, including fictitious notes with little field work, 
was found in perhaps less than one per cent of the surveys. 

Irregularities Due to Changing Instructions 

In order to show the maximum variation from present prac¬ 
tice, the following instructions are quoted regarding surveys 
in California, where it is provided that “ whenever, in the 
judgment of the Secretary of the Interior, a departure from 
the rectangular mode of surveying and dividing the public 
lands in California would promote the public interest, he may 
direct such changes to be made in the mode of surveying and 
designating such lands as he deems proper with reference to 
the existence of mountains, mineral deposits, and the advan¬ 
tages derived from timber and water privileges. . . .” 

As another example, prior to 1836 section lines were required 
to meet the section corners on the township and range lines of 
the south and east sides of a township, but not on the north 
and west sides thereof. This rule produced what are known 
as double corners on all boundaries of townships. The practice 
was followed in some surveys as late as 1854, or perhaps later. 
Some instances exist where triple corners were established. 
Under present instructions, double corners are found as a 
general rule only on base and correction lilies. 

Between 1835 and 1851, and at earlier and some later dates, 
section lines were run due north, rather than parallel to the 
east boundary of the township as at present. 

The foregoing examples simply illustrate the many unusual 
instructions which have been issued from time to time. In 
order that the surveyor may intelligently retrace the original 
surveys, it is apparent that he must familiarize himself with the 
instructions in effect at the time of the original surveys which 
relate to the lines which he is now retracing. 
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189. Convergency of Meridians.* “The linear amount of 
the convergency of two meridians is a function of their dis¬ 
tance apart, of the length of the meridian between two refer¬ 
ence parallels, of the latitude, and of the spheroidal form of 
the earth’s surface. 

“In table 11, Standard Field tables,f are tabulated the linear 
amounts of the convergency of meridians, 6 miles long and 
6 miles apart, for each degree of latitude from 25° to 70° N., 
together with the angle of convergency of the same meridians. 
These amounts of linear convergency are at once the proper 
corrections to apply to the north boundary of a regular township 
in the computation of the closing error around a township, or 
other computation by which a theoretical length of a north or 
south boundary of a township is compared with the length of 
the opposite boundary; the tabulated linear amounts of con¬ 
vergency are equal to double the amounts of the offsets from 
a tangent to the parallel at 6 miles for the same latitudes. 
Simple interpolation may be made for any intermediate latitude, 
and the amount of the convergency for a fractional township 
or other figure may be taken in proportion to the tabulated 
convergency as the fractionl area is to 36 square miles. 

“The tabulated angle of convergency represents at once the 
deviation in azimuth of the tangent from the parallel at 6 miles; 
and 1/6, 1/3, 1/2, 2/3, and 5/6 of the tabulated angles of con- 
\ergency represent at once the amounts of the correction in 
the bearing of meridional section lines to compensate for 
convergency within a township. 

“In the same table are given the differences of longitude for 
6 miles in both angular and time measure, also the differences of 
latitude, for 1 or 6 miles, in angular measure, in the various 
tabulated latitudes.” 

190. Special Surveys and Instructions.* “The detailed speci¬ 
fications for every survey assignment and the basic information 
necessary for accomplishing the field work are set out in 
•* written statement designated: ‘Special Instructions/ The 
special instructions are an important unit of the record relating 
to the survey and are prepared by the officer in administrative 

* For the source of these quotations, see § 176. 

t Table VI m this text. 
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charge of the work. Emphasis will be given to any provision 
in the Manual which may be more or less unusual in application, 
but the purpose is more especially to outline the extent of the 
work intended and the method and order of procedure. The 
special instructions will ordinarily be written in the third person, 
and, coupled with the Manual, will contain the necessary speci¬ 
fications and information for executing the survey.” 

Instructions are available in the Manual relating to the 
duties of United States mineral surveyors and to the field and 
office procedure to be observed in the execution of mineral 
surveys and the filing of returns. 

ORIGINAL STATE SURVEYS 

191. State Systems of Plane Coordinates. Led by New 

Jersey, many states are adopting rectangular coordinate con¬ 
trol systems of a precision of the order of 1/10,000, upon which 
monuments are established throughout the state. Through 
their use, difficulties of property surveys will be largely elimi¬ 
nated. These systems are being developed and extended so 
rapidly that descriptions of them must be sought in current 
technical publications. The multiple benefits accruing there¬ 
from make their early adopt ion desirable. 

PRIVATE RESURVEYS 

192. Identification of Existent Comers.* “In the extension 
of the rectangular surveys it devolves upon the cadastral 
engineer of the Bureau of Land Management to identify the 
initial lines of his group and to replace all lost corners thereof. 
On the other hand in the subdivision of sections and in the 
location of property lines generally, it falls to the county or 
other local surveyor to identify the official corners, and where a 
required corner is missing, the local surveyor w ill be called upon 
to recover the point. Thus it will be seen that local surveyors 
as well as cadastral engineers of the Bureau of Land Manage¬ 
ment are constantly called upon to search for existing evidence of 
original monuments, and in this work the surveyors will be 
guided by the same general methods. Should the search for a 
monument result in failure, the appropriate restorative sur- 

* For the source ot these quotations, see § 176. 
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vcving process to be observed by either surveyor will be based 
upon the same rules as hereinafter outlined.” 

193. Restoration of Lost Comers.* “A lost corner is a point 
of a survey whose position cannot he determined , beyond reasonable 
doubt, either from traces of the original marks or from acceptable 
ividence or testimony that bears upon the original position , and 
whose location can be restored only by reference to one or more 
i nterdependent corners . 

“ An obliterated corner is one at whose point there are no remain¬ 
ing traces of the monument , or its accessories, but whose location 
has been perpetuated, or the point for which may be recovered 
beyond reasonable doubt, by the acts and testimony of the interested 
landowners, competent surveyors, or other qualified local authorities , 
or witnesses , or by some acceptable record evidence. 

“The engineer is not prepared to consider the restoration of 
a lost corner until he has exhausted every other means of 
identifying its original position, and at this stage of his work he 
diould have determined upon an approximate position of the 
original monument based upon his findings resulting from 
retracements leading from known comers to the lost corner, 
from one, two, three, or four directions in accordance with the 
plan of the original survey. The principle of proportionate 
measurement, which most nearly harmonizes surveying prac¬ 
tice with the legal and equitable considerations involved in 
controversies concerning lost land boundaries, enters into the 
problem at this stage, and this plan of relocating a lost corner 
will always be employed unless outweighed to the contrary 
by physical evidence of the original survey. In cases where* 
t he relocated corner cannot be made to harmonize with all the 
calls of the original field notes, due to unexplained discrepancy 
which is made apparent by the retracement, the engineer is 
required to determine which calls will be given major control, 
and those which must be subordinated. 

“The preliminary retracements furnish the only possible 
means of arriving at the discrepancies of the courses and dis¬ 
tances of the original survey as compared with those derived in 
the process of re-running the lines, and the whole problem of 

* See pamphlet issued by U. S. Gen. Land Office, 1939. 
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proportionate measurements is one involving the adjustment ot 
said discrepancies. The restoration of the lost corners cannot 
proceed until the retracement of the original survey has been 
completed. The retracement will be based upon the courses 
and distances returned in the field notes of the original survey, 
or the equivalent by calculation, initiated and closed upon 
known original comers. Temporary stakes for future use in 
the relocation of all lost corners may be set when making the 
ret racements. 

“ A proportionate measurement is one that gives concordant 
relation between all parts of the line , i.e., the new values given to 
the several parts as determined by the remeasurement shall bear 
the same relation to the record lengths as the new measurement 
of the whole line bears to that record. 

“The term ‘single proportionate measurement 1 is applied to a 
new measurement made on a line to determine one or more posi¬ 
tions on that line. 

“The term ‘double proportionate measurement 1 is applied to a 
new measurement made between four known corners , two each on 
intersecting meridional and latitudinal lines , for the purpose of 
relating the intersection to both. 

“ It will almost invariably happen that discrepancies will be 
developed between the new measurements and the original 
measurements recorded in the field notes. When these differ¬ 
ences occur the engineer will generally be required to adopt a 
proportionate measurement based upon a process conforming 
to the method followed in the original survey. 

“The principle of the precedence of one line over another of 
less original importance is recognized, relative to single or double 
proportionate measurement, in order to harmonize the restora¬ 
tive process with the method followed in the original survey, 
thus limiting the control. 

“Standard parallels will be given precedence over other township 
exteriors , and ordinarily the latter will be given precedence over 
subdivisional lines ; section corners will be relocated before the 
position of lost quarter-section corners can be determined. 11 

A valuable paper, Recovering and Identifying Original Govern¬ 
ment Section Corners , by J. S. Dodds will be found on pages 
1383-1387, Civil Engineering, Dec., 1931. 
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Federal Resurveys* “Certain important considerations are 
involved in the execution of Government resurveys of an 
entirely different character from those relating strictly to the 
making of original surveys. . . . There is a twofold object of 
a resurvey: First, the adequate protection of existing rights 
acquired under the original survey in the matter of their location 
on the earths surface, and second, the proper marking of the 
boundaries of the remaining public lands. 

“As already noted, . . . the Congress has authorized under 
certain conditions, the re-marking of the public-land surveys. 
The acts relating to resurveys contemplate a restoration of the 
monuments in those townships, (a) where because of obliteration 
the boundaries can be identified only through extensive retrace¬ 
ments in units of whole townships or more, by surveyors experi¬ 
enced in this specialized work, and ( b ) where field investigation 
has shown that the conditions on the ground are in such dis¬ 
agreement with the representations of the official field notes 
and plat that the subdivisional lines cannot be identified with 
certainty as to location, in consequence of which that plat must 
necessarily be annulled as the basis for the disposal of the 
remaining public land. . . . 

“The authority for engaging in a general resurvey where public 
lands are involved can issue only through the Director, Bureau 
of Land Management. Other Federal agencies, vested with the 
administration of the lands, may initiate the action by showing 
the justification, addressing the Director through the usual 
official channels. The settlers and owners of the land may take 
the preliminary steps through a report of the facts submitted 
to the regional administrator. . . . 

“A State court of competent jurisdiction (in cases involving 
property boundaries) may make application to the Bureau of 
Land Management to cause a general resurvey of a township. 

“The Bureau of Land Management has exclusive jurisdiction 
over all matters pertaining to surveys and resurveys affecting 
t he public lands. As between private owners of lands the title to 
which has passed out of the United States, final determination 
m the matter of fixing the position of disputed land boundaries 


* For the source of these quotations, see § 176. 
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rests with the local court of 
competent jurisdiction.” 

194. Eight-Sided Sec¬ 
tion. Due to errors in the 
original federal surveys, 
many sections encountered 
by the resurveyor show 
small errors in angles at the 
quarter-section corners, and 
these quarter-corners are 
not always equidistant from 
the adjacent section corners, 
as shown in Fig. 194. It is 
therefore important gener¬ 
ally to consider the section actually found on the ground as a 
figure of more than four sides. 

PROBLEMS 

1. (a) Draw a sketch or sketches showing the south-east quarter 
(SE 1/4) of the north-east quarter (NE 1/4) of the south-west quarter 
(SW 1/4) of section twenty-two (22), Township four (4) south, Range two 
(2) west of the Initial Point of the Third (3) Principal Meridian. What are 
the dimensions of this tract, in feet and in chains? What is its acreage? 

Am. (a) 660 ft. X 660 ft. 

10 ch. X 10 ch. 

10 Acres 

(b) The same for the south-west quarter (SW 1/4) of the north-west 
quarter (NW 1/4) of the south-east quarter (SE 1/4) of section thirteen 
(13), Township three (3) north, Range four (4) east of the Initial Point of 
the Fourth (4) Principal Meridian. 

(c) The same for the north one-half (N 1/2) of the south-west quarter 
(SW 1/4) of the north-east quarter (NE 1/4) of section thirty-two (32), 
Township five (5) south, Range three (3) east of the Initial Point of the 
Boise Meridian. 

2. Write a metes and bounds description for a deed from an assigned 
map or from an assigned set of field notes. 

3. With all Government section corners and quarter corners in place on 
the ground, how would you proceed to survey the property of question 1? 

4 . (a) IIow would you relocate the missing north quarter corner of sec¬ 
tion 6? 

(b) The west quarter corner? (c) How locate the center of the section? 

5. In question 1, assuming that the north-west corner of the section and 
the north quarter corner of the section are missing, how would you relocate 
them? 
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ROUTE SURVEYS 

195. Route Surveys. Thoso surveys are made along a line 
or along a narrow strip of territory such as would be necessary 
for railways, highways, canals, levees, pipe lines, transmission 
lines, flumes, and similar engineering construction. A survey 
around the boundary of a large piece of property may be con¬ 
sidered as a line survey, and so conducted, provided it gives 
little or no information about the country inside of the boun¬ 
dary. The term route surveys is therefore contrasted with area 
surveys , which cover and give information about a broad area 
of territory. 

196. The Reconnaissance. A reconnaissance is a rapid and 
rough survey or examination of the territory through which 
it is proposed to run one or more line surveys. Since there are 
usually several possible routes, the reconnaissance is actually 
an examination of the entire area through which the line sur¬ 
veys may pass, and it partakes of the nature of a rough exam¬ 
ination of an area. 

The first stop in such work is to secure the best available 
maps of the territory under consideration, such as the United 
States Geological Survey topographic maps, the rural route 
maps of the Post Office Department, the township maps of the 
original United States land surveys or sectionalizing surveys, 
aerial maps, and such other maps as may be available in the 
offices of the city, county, or other engineer, or corporation 
operating in that vicinity (page 180). Few of these maps are 
precise or give sufficiently definite information regarding 
elevation, though such information is sometimes included. 
Inference as to relative elevation may be suggested by the 
•streams, which are always shown. 

With these maps in hand, together with an aneroid barom¬ 
eter (described on page 93) to secure approximate elevations, 

235 
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the territory may be gone over on foot or horseback, by auto¬ 
mobile or airplane, and several of the more promising routes 
may be selected. 

The reconnaissance generally includes a business survey of 
the territory with a view to determining whether the project 
will be profitable, which of the several possible routes will be 
most suitable from the viewpoint of development of market, 
and so on. 

The field notes for a reconnaissance are usually recorded on 
the maps and in narrative form in a notebook. It is seldom pos¬ 
sible to tabulate them as is done with most engineering surveys, 
except that aneroid barometer reading." must be tabulated in 
the usual manner. 

Certain points along the proposed routes are usually fixed, 
such as mountain passes, bridges, towns, and the like. The 
reconnaissance begins at one of these fixed points and proceeds 
in the general direction of the adjacent one. It is advantageous 
to go over the project first in one direction and then in the 
other direction, both to secure a different viewpoint and as 
a check. The entire area should be examined rather than special 
routes only. 

The objective of the reconnaissance is realized w r hen one or 
more of the several routes have been selected for further detailed 
study, and all others have been eliminated from further con¬ 
sideration. Rough estimates of first cost, operating cost, and 
income of the project under consideration are frequently 
required. The reconnaissance must be conducted by the most 
mature and experienced engineer available, one w ho has com¬ 
mercial and operating judgment, as well as engineering judg¬ 
ment. His work is seldom thoroughly chocked and should he 
recommend against the best route, it is difficult or impossible 
to rectify the mistake, since the subsequent detailed surveys 
will not discover a major route which w as overlooked or decided 
against in the reconnaissance, and since, also, the project will 
be too far advanced to change. The project will then be per¬ 
petually burdened with a poor location. This is a most serious 
handicap, since it hampers the project and invites competitors 
to develop a better location. Such an outcome frequently 
results in a loss of part or all of the investment. 
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197. Traversing. Traversing (which is extensively used in 
route surveys) is the process of obtaining a connected set of 
angles, or directions, and of distances along a line survey, 
sufficient to plot the survey on a map. 

198. Compass Traversing. For approximate surveys, one of 
the several types of compass is used, the distances being ob¬ 
tained by some of the less precise methods mentioned in Chapter 



Fig. 19S. 


II. To insure against local attraction and other compass errors 
(page 5G), it is necessary to set up the compass at every change 
in direction, or angle point, and to take both forward and 
reverse bearings at each set-up, as in Fig. 198. 

A more rapid but less certain method is to occupy each 
alternate point o the traverse with the compass and to read 
the forward bearing of one line and the reverse bearing of the 
other, or b* ksight, line. It will be noted that this method 
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gives no check on the bearings, either for mistakes in reading 
or for local attraction. 

199., Transit Traversing. Either of the preceding methods of 
traversing may be accomplished by using the compass of the 
transit only, without measuring transit plate angles. 

However, in nearly all transit traversing, the angles at each 
angle point are read on the horizontal plates of the transit to 
a precision of about one minute. 

In the better engineering traversing, it is customary to 
determine the true bearing or azimuth of the first and last line 
of the traverse^ either by astronomic observations or by con¬ 
necting with lines of known direction. In long traverses, it is 
desirable to secure' additional directional checks not more 
than 10 mile's apart, or ne>t me>re than 50 angle points apart if 
the traverse has many short courses. From the original bearings 
or azimuth, the calculated bearings are computed forward in 
the fie'lel ne)tes by using the measure'd transit plate angles, and 
cheeked against the known, or determined, bearings as occasion 
permits. Allowance must be made for the convergence of 
meridians as explained on page 229. 

Distances are obtained with good or excellent precision with 
the stool tape; or for somewhat less precision, by stadia. Figures 
96a, 97a, and 99, on pages 109 to 112, give examples of the 
notes for such surveys. 

Taping is carried in units of 100 feet, or stations; thus, 
station 16 + 75^ means 1675.2 feet from the beginning of the 
survey. 

The computation and checking of traverses is covered in 
Chapter XVII. 

200. Aerial Surveys. While it is recognized that there are 
limits of precision in measurements taken lrom aerial photo¬ 
graphs, experience within the last decade has indicated tha* 
frequently they may be used to advantage in connection with 
route surveys. Aerial photographic surveying is generally let 
by contract to firms specializing in this work; if the pictures 
meet contract specifications, the errors are generally negligible, 
since the accuracy, as compared to precise ground measure¬ 
ments, is usually within one per cent. In some cases, results 
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from aerial surveys check more closely with the actual ground 
than do those from ordinary ground surveys. A limitation of 
uenal photography is the inability accurately to define' elevations 
or relief, and to indicate features hidden under natural cover. 
Offsetting these disadvantages, there is a wealth of detail, 
absence of personal errors, and uniformity of accuracy in all 



Fin. 200 . Aerial Mosaic. 


parts of the map in aeriai pictures far beyond that given by 
a map made by ground methods. With intelligent use, aerial 
surveys provide a valuable adjunct to the older methods of 
route surveying. They are particularly advantageous in cover¬ 
ing forbidden property and inaccessible country which is cither 
rough or covered with water. 

Perhaps as much as one-half, or even more, of the country 
has been photographed from the air in recent years, largely in 
connection with governmental projects, and many of these 
photographs are available. 

Aerial photography has been used successfully in the recon¬ 
naissance and/or preliminary surveys for electrical transmission 
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lines, for highways, for pipe lines, and for river and harbor 
improvements. The usefulness of the aerial survey begins with 
the inception of the work and continues throughout the con¬ 
struction period. Map locations may be made directly on 
aerial mosaics or aerial maps;* right of way is more easily 
obtained with little or no use of ground surveys and with a 
minimum of negotiations with land owners; minute studies 
may be made of drainage, structures, and other improvements; 
stream flow' and drainage areas may be calculated without the 
use of field operations; and throughout the progress of the work, 
the* aerial survey may furnish a basis for, and a constant check 
on, the more exact ground surveys. In many instances, the 
time saved and the aid furnished in securing rights of way 
are alone a sufficient justification for aerial surveys. The 
cost is not out of line with that of ground surveys. Where 
little information is available from previous surveys or maps, 
it is usually economical to make an aerial survey. See also § 221 

201. The Preliminary Survey. Following the reconnaissance, 
a more careful instrumental survey or surveys of the selected 
route or routes is made with a vicw T to comparing their advan¬ 
tages more precisely. The preliminary surveys are made by 
one of the processes of traversing previously mentioned. Gener¬ 
ally the traverse line is run only approximately in the position 
of the final location wiiich the construction will occupy; rather 
it is so run as to servo as a base lint* from wiiich a topographic 
map of a narrow strip of territory may be prepared. This map 
is wide enough to cover all possible positions of the final loca¬ 
tion; in some places perhaps it covers a width of only 100 feet, 
in rare instances perhaps a mile. 

In the older types of preliminaries, still used on many long 
surveys, the transit traversing party is followed by a level 
party, which in turn is followed by a topographic party. The 
organization and duties of these parties may be inferred from 
the notes of Figs. 79, 79a, 97a, and 201, all of which refer to the 
same railroad preliminary. Tapes 300' or 500' long will nearly 

* In aerial photography, a mosaic is a composite picture made lip of reduced 
aerial photogiaphs or of "contact prints.” The aerial map is usually traced 
from the mosaic, omitting some of the details. Approximate contours as ob¬ 
tained by means of the aeiial survey, or more precise contours from ground 
surveys, may lie added to the mao. 
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double the speed of such preliminaries if they can be used 
instead of the usual 100' tape. In Fig. 201, the elevation data 
were taken with an engineers’ level or with a hand level, and the 
slope angles were taken with a clinometer. However, the 
elinometer alone might have been used, since, with its vernier 
clamped at zero, the clinometer becomes a hand level. Three 



methods of locating contours are shown on the figure: (1) by 
locating the contour interval points (even 5-foot points); 
(2) by locating breaks in the slope (as to the right of station 5); 
and (3) by slope angle taken from the last measured distance. 
While these cross lines are usually 100 feet apart, they may be 
spaced closer in broken country, or they may be spaced perhaps 
300 feet apart in smooth country. If the wide spacing is per¬ 
missible, then the 300-foot or the 500-foot tape may be used 
advantage in the transit traverse. 
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The more modern stadia 'preliminary survey gathers align¬ 
ment, elevation, and topographic data at the same time and 
thus avoids the necessity of going over the ground successively 
with k>veral parties. Such a survey is rapid and cheap and 
requires better personnel in the party, especially transitman 
and notekceper. It is not quite so precise as the older type of 
preliminary and it is impracticable in timbered country. 



Fiu. 201a. 


Figure 201a gives a set of stadia preliminary notes covering 
the same territory as was covered by the older type preliminary 
of the field notes of Figs. 79, 79a, 97a, and 201. In Fig. 201a, 
the distances are entered in the notes as 100 times the observed 
rod interval. While some of the distances so recorded (on 
flat angles and/or short sights) should theoretically have 1 foot 
(the f + c constant) added in order to secure the horizontal 
distance, this minor correction is frequently omitted. On 
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points R 2 and &, the horizontal correction of 2 feet (from 
lahle X) is diminished by 1 foot (f + c) and entered in th? dis- 
i:mce column as a minus 1 subscript, which means that the true 
corrected horizontal distances are 102 feet and 205 vet, respec- 
ti\t‘ly. Similarly, on point &, the tabular horizontal correction 
of3 feet is entered in the distance column as minus 2, and the 
true corrected horizontal distance becomes 408 feet. 

Verniers A and B and the needle are read only on transit 
stations. Side shot azimuths are estimated by the zero index 
on one vernier only to the nearest 5 minutes, without troubling 
to note the coincidence of vernier lines. The basic elevation 
of each transit station, to which the differences in elevation are 
applied, is enclosed in a square. The elevation of transit 
point S is obtained by using a mean of the differences in eleva 
tion along RS and SR. 

The F.S. readings on Q and on B.M.i are level readings taken 
with the bubble centered. 

The object of any of these preliminary surveys is to get data 
for the preliminary map , which is usually drawn to a scale of 
one inch equals one hundred, two hundred, or four hundred 
feet. The contour interval is commonly 1 foot, 5 feet, or 10 
teet. The larger scale maps are prepared for those types of 
construction which involve considerable grading or other detail. 
Perhaps a 400-foot scale and a 5-foot contour interval have the 
greatest usage. 

On this map, an example of which is shown in Fig. 201b, the 
final location (defined in the following section) is projected 
in the office by a trial and error method; that is, what appears 
to be a good location is laid out with a thread on the map, a 
profile is made from the map along this line, and a grade line for 
the construction laid out with a thread on the profile. Needles 
are stuck at the intersections of the tangents on the map and 
at the grade-line intersections on the profile. The original map 
location is then shifted where necessary to secure an improved 
location; the profile is modified accordingly; the grade line is 
adjusted on the profile; and this process of revision on paper is 
‘•ontinued until the location seems satisfactory, when both are 
ooneiled. 

Frequently an additional location, or several locations which 
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differ so far from the first as not to be simply a modification oi 
it, must be worked up on map and profile. First costs, operating 
costs, and other features of desirability are computed, and the 
most favorable of the several locations is then selected. Even 
after this, it is always necessary to make minor alterations when 
the line is staked in the field, and frequently major changes are 
required. Since such changes are possible up to and even during 
construction, it is apparent that a well-constructed location 
will usually be obtained. 



Fia. 201b. Preliminary Map, with Thread Location. 


Where the location is a simple one — for example in trans¬ 
mission lines — it is not necessary to take topography, the 
preliminary survey alone, together with some little information 
regarding roads, improvements, and property lines being suffi¬ 
cient for the preparation of the map. Contours or topography 
will not be necessary, except perhaps at a few points. In the 
more simple surveys of this nature it is sometimes possible to 
run the preliminary line in the exact final location, at least 
part of the way, and thus to eliminate the necessity of another 
survey line for the final location mentioned below r . 

Opinions differ as to whether preliminary lines should be run 
as precisely as is the final location. A precise preliminary offers 
some advantage in surveying and checking the final location. 
If any portion of the preliminary is to be used as the final 
location, then it should, of course, be run precisely. On the 
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,t her hand, a less precise preliminary is faster and less expen- 
-ne to run and is therefore better where several preliminaries 
it to needed. The desirability of running preliminaries over all 
mutes which may offer an advantageous location must not be 
merlooked or omitted because of the slight delay or expense 
imolved. Such omission may cause embarrassment in much 
the same way as similar omission in the reconnaissance; or they 
may cause financial failure of the project. 

The preliminary map (Fig. 201b) is drawn in accordance with 
the suggestions of Chapter XVI. 

202. The Final Location. This is the exact location of the 
center line (sometimes a line parallel to the center line) of the 
engineering construction which is to be undertaken. It is 
usually run with a precision of from 1/2000 to 1/5000 and 
consists of a traverse with fairly permanent stakes set 100 feet 
apart, and with hubs at all transit and angle points. On curves, 
the stakes are rarely set closer than 100 feet. On transmission- 
line location, the interval between stakes may be 300 feet or 
c\ en 500 feet where long tapes are list'd, and it is frequently 
not essential that they be set on exact 100-foot stations. 

On such work as highways, railways, canals, and pipe lines, 
where curves are required, these are now laid out for the first 
time on the ground, although they have previously been drawn 
on the map in the office. 

In the older and less desirable practice, the location was 
M'inetiines made in the field immediately following the recon¬ 
naissance, and without a preliminary. This is not recommended 
' \cept in very simple locations. Frequently highway location 
that follows existing roads may be made without a preliminary. 

The final location on the ground is usually made from the 
I deviously mentioned paper location , minor changes being 
’•aide as the staking proceeds. 

A careful profile is run over the line with an engineers' level 
nd, after the quantities and detailed plans are worked up in 
tie office, the project is in condition to justify securing bids 
’om contractors, or starting construction. 

203. Construction Stakes. At this point, the larger party that 
is been engaged in survey work is usually split up into smaller 
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parties, each of which will set the construction stakes and super- 
vise construction on a residency or 'project several miles long. 

The first duty of the resident or project engineer and his 
■small party is to find the final location stakes, check them more 



Fig. 203. Referencing Points. 

or less thoroughly depending upon their probable reliability, 
and to reset missing stakes from the field notes and maps. It 
is particularly desirable to cheek elevations, since trouble from 
this source is not infrequent and cannot be detected by casual 
inspection. 

He should then set additional stakes or reference points at 
the intersections of all straight lines or tangents, as indicated 
in Fig. 203. These reference points will be used to rc-stake 
the final location when the location stakes are disturbed or 
obliterated during construction. 
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Hie next step is to set construction stakes to give detailed 
iilormation to the contractor or the construction force. If 
grading is involved, cross-section stakes will be set as described 
oil pages 251 to 257. Stakes for structures such as bridge 
abutments, culverts, towers for transmission lines, and so on, 
\m11 be set as described for structures in §229. In general, it is 
necessary to set all toe stakes which are difficult or impossible 
ior the foreman or construction superintendent to set. In 
addition, it is desirable to set those stakes which may be set 
by the foreman or superintendent, but which can be more 
cheaply set by the engineer corps. Should the work be handled 
by contract, it is occasionally agreed therein that the con¬ 
tractor shall pay the cost, or furnish the men, material and 
transportation for setting the construction stakes. In nearly 
all contracts, it is provided that the contractor shall pay for 
io-setting stakes wdiich his forces have carelessly disturbed. 

In addition to setting stakes, the resident engineer or project 
nigineer also inspects and passes on the construction w r ork. 

204. Horizontal Curves. For a more complete treatment of 
this subject the reader is referred to books* covering curves and 
earthwork in detail. The basis of computations necessary for 
Making a rather sharp simple circular curve is given in Fig. 204. 
In the United States, the sharpness of a curve is designated by 
the degree of curve , rather than by the radius, as in many other 
countries. The degree of curve is defined as the angle at the 
center of the curve, subtended by the tw 7 o radii from the ends of 

1. A 100-foot chord (railway definition and usage) or 

2. A 100-foot arc (highway definition and usage). 

There is no uniformity of practice in regard to w T hich of the 
tv\o definitions shall be used in other types of engineering 
'\ork; adoption of the 100-foot arc or the 100-foot chord idea 
‘pparently being dependent upon the past experience of the 
* ugineer or engineers in charge. The chord definition is used 
v most railways and by many highway departments. It is 
'<*rhaps to be preferred. The two definitions give somewhat 


* See, e g., Harry Rubey, Route Surveys, Macmillan, 1938. 
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different radii, tangents, externals and lengths of cuive for the 
same degree of curve, as shown in Table C, where for the sam< 
angle between the tangents and the same degree of curve, the 
various necessary values for a curve have been computed for 
the two definitions. 

TABLE C 

P.C. - 181 + 13.7 D = 16° 42' I = 97° 13' 



HKM oot Chord 
(Railroad) 
Definition 

100-Foot Arc 
(Highway) 
Definition 

Radius 

344.3 

343.1 

Tangent 

390.6 

389.3 

External 

176.4 

175.8 

Length of curve 

582.1 

582.1 


(around chords) 

(around arc) 

P.T. 

186 + 95.8 

186 + 95.8 

First chord 

86.3 

86.1 

Last chord 

95.8 

95.5 

Chord corresponding to 100-foot 



arc 


99.6 

First deflection angle 

7° 12' 

7° 12' 

Deflection angle for final chord 

8° 00' 

8° 00' 


Tables are provided in railroad and highway handbooks 
which shorten the computations of Fig. 204 and Table C. All 
of the formulas of Fig. 204 apply to both definitions of degree 
of curve except that the degree of curve and radius for the 
highway definition are found from the formulas 

(204) D = 

or 

(204a) R = 

These formulas are exact for the highway definition of degree 
of curve and approximate for the railroad definition of degree* 
of curve. 

The usual practice in engineering line surveys is to lay out 
the straight lines or tangents on the ground first, then to estab¬ 
lish their intersection (called the P.I. or point of intersection), 
to choose a radius or degree oi curve which best fits the require- 
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merits of the construct ion and of the topography, and finally 
to make the computations and notes of Figs. 204 and 204a. The 
positions of the P.C. and P.T. (point of curve and point of 
tangent, also sometimes designated as the T.C. and C.T. for 
tangent-curve and curve-tangent) are obtained on the ground 



hy measuring T (the tangent distance) from the P.I. in both 
‘lirections. The transit is set up at either the P.C. or P.I., or 
1 <ter at any intermediate point; and the plates are set on angles 
‘ wording to this “rule of thumb.” Whenever the transit is 
nhted on a point the plates must read the total deflection angle 
•fruit opposite that point in the field notes. Successive full stations 
*0 feet apart (rarely 50 feet or even less) are established by 
r ning off the aforesaid angles and measuring the chord dis- 
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tances (100-foot chords if the railway definition is used, or 
chords sufficiently less than 100 feet to give a 100-foot arc if the 
highway definition is used). At each end of the curve, shorter 
chords of the required computed length are used so that the full 



Fig. 204a. Curve Notes. 


100-foot stations used on the tangents may be carried around 
the curves. Field notes are given in Fig. 204a, corresponding 
to the calculations of Fig. 204 and the angular calculations 
below. 

In using the highway, or arc, definition of degree of curve, 
some engineers prefer to use 50-foot chords in staking curves 
sharper than about 7 degrees; 25-foot chords for curves sharper 
than about 14 degrees; and so on; thus making their taping tend 
to follow the arc of the curve on the ground. 

The deflection angles from the tangent are calculated as 
follows: 
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l'ir-t station to be set 

182 + 00.0 

F(\ 

181 + 13.7 

1'ir^t chord (or arc) length 

86.3 feet. 

Length of curve = f£) (100) = (100) = 582.1 feet. 

1> C. = 181 + 13.7 

181 +13 7 

FT. = 

186 + 95.8 

v hich makes the last chord (or arc) = 

95.8 feet. 

With the transit at the P C., sighted along the tangent, turn 
off a first deflection angle to line in station 182 of 

/86.3\ /16° 42'\ 

uooA 2 ; 

7° 12' 

To line in station 183 add — 

2 

8° 21' 

and use 

15° 33' 

To line in station 184 add — 

2 

8° 21' 

and use 

23° 54' 

To line in station 185 add — 

2 

8° 21' 

and use 

32° 15' 

To line in station 186 add — 

2 

8° 21' 

and use 

40° 36' 

To line in the P.T. = 186 + 95.8 


use l- 
2 

48° 36' 

Leaving an angle corresponding to 


the last chord (or arc) of 

8° 00' 

As a check on all deflection angles 


/95.8N /16° 42'\ 

\100A 2 ) 

8° 00'. 

When it is unnecessary to lay out the curves precisely, or 
hen a good foreman is in charge of construction and the 

] rves are short, it is sometimes sufficient to establish the P.C., 
P.T., and the center of the arc, by measuring along the 
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tangents and along E (the external). In such cases it is not 
necessary to move the transit from the P.I. 

Curves of radii less, and occasionally more, than 100 feet 
may be laid out by establishing the center of the curve and 
swinging the are with a tape or wire. However, even with short 
radii this method is frequently impracticable because of the 
difference in elevation of the various points, because of ob¬ 
structions, or because the center is inaccessible. 

205. Vertical Parabolic Curves. At points where the grade 
changes (point V of Fig. 205), it is necessary for most con¬ 
structions to use a vertical carve. It is convenient, although 
not necessary, to arrange that V shall fall at a full station and 
that the vertical curve shall extend an equal number of full 
stations in both directions from V. The curve used is a parabola 
whose equation is of the form y — 4A\r 2 , wdiere k is a constant. 
The skewed axes are either AVC and a vertical through A , or 
BV and a vertical through B. Vertical offsets m&y be computed 
from either A VC or BV. Vertical distances are y coordinates 
and distances along AVC from A or along BV from B are 
x coordinates. 

As is seen in Fig. 205, VE = 1/2 CB (from similar triangles). 
From the equation of the parabola, it follows that VD = 
(1/2) 2 (C7J) = 1/4 CB and consequently that VD = 1/2 VE. 
It also follows from the equation of the parabola that 

aa f = (UV = {\) 2 VD = JV .D 

and that 

W = re' = (J YVD = JVZ), 

since the vertical offsets from either tangent to the parabola 
vary as the square of the distances along the tangents AVC or 
BV, beginning at A or /?, respectively. A numerical example is 
show'll in Fig. 205. Other methods may be used to secure the 
same results. The slide rule is helpful. 

In rare instances a horizontal parabola may be needed, for 
example, to secure a pleasing appearance in landscaping. The 
same general method of laying out the parabola may be used 
by considering Fig. 205 as lying in a horizontal plane. 
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206. Grading. Approximate estimates of the quantities ot 
excavation and embankment may be made from center heights 
the profile (Fig. 207a). Such estimates are based on the 
sumption that the ground is level, or nearly level, transversely 
M the center line. For more precise computation of earthwork 
nantities, and to stake out the work for construction, pro¬ 
cure is described in §§ 207, 208, and 209. 
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207. Slope Stakes. Figures 207 and 207a show typical earth¬ 
work cross-sections and the corresponding profile. Field notes 
are shown in Fig. 207b. Slope stakes are set where the side 
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.lope of the construction intersects the natural ground line. 
If the transverse slope of the ground is not uniform between 



ho center stake and the slope stakes, additional elevations are 
ikon. The elevation at the center stake is always taken. 
1 r oss-sections of this nature are taken every 100 feet along 
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the line survey and at such intermediate (or plus) points as 
may l)e necessitated by non-uniform slope of the ground along 
the line. 

Slope stakes are usually set with a 50-foot metallic tape and 
an engineers , level. Occasionally a hand level or a long straight 
edge with a bubble, called a cross-section rod, replaces the 
engineers' level. The slope stakes are placed by a trial and erroi 
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Fig. 207b. Ckons-Slciion Noii^s. 


method. A rodman, lovelman, and occasionally a nofekeepei 
constitute the cross-section party. The zero end of the tape* 
is held on the center stake by the notekeeper; or it is attached 
in some way to the stake. The levelman reads the rod as held 
on the center stake and computes the cut or fill, which is then 
marked on the stake. From this computed cut or fill it is 
possible to estimate the cut or fill for the slope stake (Fig. 207c), 
and from this estimate a corresponding horizontal distance is 
figured. The rod is then held at the computed distance from the 
center stake and the exact cut or fill may be computed from 
the rod reading. Should this exact value correspond with the 
estimated cut or fill, the slope stake is driven at that point 
and the cut or fill is marked on it. If the computed value does 
not correspond within a tenth or two-tenths of the assumed 
value, then the rod is moved towards or away from the center 
stake, a new rod reading is taken, and a new cut or fill compared 
with the actual distance from the center stake. Usually the 
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M»rond or third trial will locate the slope stake with sufficient 
precision. All cuts or fills are figured from the horizontal plane 
»if the base of the roadbed and the distances from the center 
^take are computed as shown in Fig. 207c. The result of this 
field procedure is entered in the notes of Fig. 207b. Where the 
ground does not slope uniformly from the center stake to the 
•Jope stake, it is necessary to take an extra reading as indicated 
on stations 0, 2, 4, 4 + 48, and 5 of Fig. 207b. 



Cross -Sectioning 

Fig. 207c. 


The height of instrument for cross-sections is carried forward 
h\ differential leveling, the notes for which are kept on a 
separate page. The grade rod is the difference between the 
height of instrument and the grade elevation . The ground rod 
' N the actual rod reading. Grade rod minus ground rod equals 
d or fill. 

Another less accurate method of setting slope stakes is to 
1 in profiles at right angles to the center line and plot these on 
oss-section paper. Scaled distances from the center line to 
he slope stake points may then be determined by plotting the 
nt or fill at the stations on the cross-section paper. Cut and 
ill templates formed to scale may be used to advantage. 
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208. Computation of Grading. The reader is referred to 
special books on earthwork* for a complete treatment of this 
subject. Only the simpler and more fundamental facts w ill 
be discussed here. The following formula is used to obtain 
the area of each cross-section and from these areas, the volume 
between adjacent cross-sections. The ground is assumed to 
slope uniformly from one cross-section to the next. 

A closely approximate volume is obtained by averaging the 
areas at the two ends of a section (usually 100 feet apart) and 
multiplying this average by the length between the planes of 
the two end areas. This is expressed by the formula 

(208) V = ^ \ ^ 2 ) » approximately, 

where V is the volume in cubic yards, and A x and A 2 are the 
areas in square feet of two adjacent cross-sections xxhich are a 
distance L feet apart. One cubic yard equals 27 cubic feet. 

A mathematically exact prismoidal formula is 

/onu \ r L (A i + 4A m + A 2 \ 

(208a) 1 = 27 V “6 “ )’ 

where .1 w is the area of the cross-section half way between A] 
and A 2 . No measurements of A m are taken on the ground, 
but the lineal dimensions of this section are computed as the 
means of the corresponding dimensions of the end sections. 
This, of course, assumes that the ground slopes uniformly 
between A i and A 2 . The area of A m is not the mean of A x and A 2 . 

The prismoidal formula is of broad application in engineering. 
It applies to all prismoids, the prismoid being defined as any 
solid having for its two ends parallel plane figures of the same 
number of sides, all of the sides of the solid being plane figures 
also. The earthwork solids mentioned above are not exactly 
prismoids since the surface of the earth is more nearly composed 
of warped surfaces than of planes, yet the prismoidal formula 
also applies in this case. It may be used properly for exact 
computation of the frustra of pyramids, wedges, and conic 
sections of revolution, including the cone, sphere, ellipsoid of 
revolution, paraboloid of revolution, and the hyperboloid of 

♦See, e.g., Harry Rubev, Route Surr<y% Macmillan, 1938. 
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revolution ; lienee it is of quite general value in various engineer¬ 
ing computat ions. It is in a form which is much easier to use and 
to remember than other formulas for volume computations.* 

End areas for use in formulas 208 and 208a are either plotted 
on i 10-inch cross-section paper and plummet crcd, computed 
geometrically or by coordinates from the notes of Fig. 207b, 
or taken from earthwork tables or diagrams. Detailed descrip¬ 
tions, tables, and diagrams for these methods are beyond the 
scope of this text but are treated fully in Rubey’s Route Surveys 
and similar volumes. 



209. Borrow Pits. Borrow pits adjacent to railways and 
highways are best staked and computed by extending the 
<*ross-sections outward to include the borrow pit. 

* The formula is indeed precisely accurate whenever the area of the cross- 
section varies as any quadratic function of the distance to that cross-section, 
Measured along a line perpendicular to the cross-sections, from any point in 
T hat line. This is true for the solids just mentioned and for many others. 
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Where, however, the excavated material is to be taken from 
an area which does not adjoin the railway or highway, or where 
excavation is being made for a building or industrial plant, 
the work is best laid out and computed by dividing the area 
into 50-foot or 100-foot squares as shown in Fig. 209. Each 
of the rectangles shown on this figure is the top view of a trun¬ 
cated rectangular prism whose volume is the area of the rec¬ 
tangle multiplied by the average (of the four corners) height. 
The ground surface and the excavated surface need not be 
planes. Occasionally truncated triangular prisms will be 
encountered and their volumes are likewise computed. Extra 
points may be taken within the rectangles. Some short cuts 
and special cases are treated in Rubey's Route Surveys and 
similar books. 


PROBLEMS 

1*. (a) Given I = 64° 13', D * 10°, P.I. = station 98 ■+■ 47.0; compute 
the* data necessary to stake this curve in the field, using the railroad (chord) 
definition of degree of curve, (b) The same with I = 58° 27', D = 6°, 
P.I. = station 107 + 92.8. (c) The same with I = 108° 10', D = 32° 12', 
P.I. = station 13 + 84.6. 

2*. The same as 1 but using the highway (arc) definition of degree of 
'•urve. 

3*. (a) Compute the station elevations for a vertical parabolic curve 
(elevation of V = 748.31 feet) beginning at station 42 on a — 3 per cent 
grade and ending at station 46 on a — 1 per cent grade, (b) The same be¬ 
ginning at station 67 on a + 2 per cent grade and ending at station 73 on 
a + 1 per cent grade, (c) The same beginning at station 18 on a -f 2.4 per 
cent grade and ending at station 26 on a — 1.3 per cent grade. 

4. (a) A traverse is run in the neighborhood of the 43° parallel of latitude 
ami extends N 45° K for a distance of 14 miles. What correction due to 
convergency of meridians should be applied to azimuths as carried forward 
from the beginning to the end of this traverse? 

.lw«. (a) + 34.3" per mile of line 

(b) The same for the 36° parallel and extending X 60° W for a distance 
of 20 miles. 

(c) The same for the 48° parallel and extending S 45° W for 25 miles. 

5. (a) In Fig. 209, excavation is to be made to elevation 710 feet. What 
is the volume (cubic* yards) in the approximate rectangular prism Al, Cl, 
03, A3? (b^ A3,C3,*C5,A5? (c) Al, Cl, C5, A5? Ans. (a) 3751 cu. yds. 

6. Compute the earthwork yardage between adjacent stations in Fig. 
207b. 

* See pages 247 to 253 for solutions of similar problems. 
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AREA SURVEYS* 

210. Area Surveys. This chapter will treat of surveys of 
areas which are broad in relation to their length, as contrasted 
with route surveys of the preceding chapter, which deal with 
long, narrow areas. 

211. Maps Available. These are mentioned on pages 180 
to 182. Frequently no suitable map of the territory under 
consideration is available and it is consequently necessary to 
prepare one as described in this chapter. An organization may 
use its own engineers for this purpose, or it may contract with 
engineering or mapping companies for this service. 

212. Control. Since these surveys extend over considerable 
area, it is desirable first to extend a skeleton or control survey 
of distances and angles of the required precision over the terri¬ 
tory. This is accomplished by triangulation or traverse or by 
a combination of them. Elevations are usually determined with 
the engineers’ level, rarely by vertical angles in connection 
uith triangulation. Bench marks are set. 

213. Triangulation. This is treated in Chapter XI. 

214. Traverse. A traverse, as described in the preceding 
chapter, may be run in any convenient place which will serve 
as a basis for filling in the details described later, for example, 
in city streets, along roads or railroads, in valleys or along 
ridges, or through cleared ground. Where the country has 
been divided into sections by the Government, it is frequently 
desirable to run the traverses along or immediately adjacent 
T ° the section lines, both to facilitate location of the section 
*orners and because the section lines are frequently located in 
die center of roads, or are easily traversed. A control consist- 
in K of triangulation and traverse is shown in Fig. 159. 

* See also Chapter XVIII. 

?61 
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215. Filling in Details. Usually following the control (seldom 
accompanying or preceding it because lack of elevation and 
orientation data hinders the work) comes the detailed location 
of streams, drainage lines, ridges, and contours, as well as the 
various improvements of man, such as buildings, roads, fences 
or property lines, railroads, canals, transmission lines, pipe 
lines, and the like. These may be located in several ways, the 
methods most frequently used being described in the following 
paragraphs. 


216. Transit-Stadia. In this method the transit is set up on 
a previously established traverse or triangulation point and the 
instrument is oriented from a previously determined azimuth, 
that is, the telescope is so manipulated that it would point due 
south (occasionally north) when the plates read zero. 

The rodman or rodmen then select points on the ground 
which will be needed for mapping and the transitman reads 
the rod interval, the vertical angle, and the azimuth of each of 
the points. The rodman holds the rod at corners of buildings 
and along roads, streams, drainage or ridge lines, and so on. 
In addition, for determining contours, he holds the rod on all 
high or low r points which determine the topography, including 
all points at which the slope of the ground changes materially. 
This choice of points requires considerable judgment. Too few 

or poorly located points 
will give an unsatisfac¬ 
tory map, while too many 
points will make the work 
slow, tedious, and costly. 

In the choice of points 
the rodman must keep 
constantly in mind the 
viewpoint of the drafts¬ 
man who is to make the 
map. The contour points 
should be so selected that the draftsman may assume that the 
ground slopes uniformly between adjacent points. In Fig. 216 
A, B, C, and D are points of known elevation which have been 
plotted on the map. Were this a plane surface, the ground 
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wmild slope uniformly between any two points, but it is more 
generally a warped surface or composed of two planes. Correct 
interpolation may be made along AB, BC , CD, and DA , but inter¬ 
polation along the diagonals AC and BD is uncertain. Never¬ 
theless, the preceding assumption by the draftsman is the best 
posMble one and the ground points selected must conform to it. 

A rarely used and expensive method of contouring is actually 
to trace out the contour locations on the ground with level and 
rod and then to locate the successive rod points with a transit 
or plane table or by azimuth and distance. 

The rodman paces or measures with a pocket tape or with 
hb rod, many short distances which will save time for the 
instrument man, or which will give more satisfactory results. 
For example, from any single set-up of the transit, it is impos¬ 
sible to see all four corners of a building, and even if regular 
transit-stadia data were taken on all four corners from more 
than one set-up, the dimensions of the building would not be 
accurate 1 and would not be available except by scaling the plotted 
map or by prohibitively laborious computation. It is therefore 
customary to take transit-stadia shots on two or three corners 
of the building and for the rodman to measure the dimensions 
of the building. It is best practice to secure at least one surplus 
>tadia shot or one measurement to servo as a check. 

The following different methods of filling in detail are used. 

FOLLOWING CONTROL SURVEYS 

Method 1 . As in Fig. 201a, the data arc tabulated on the 
left-hand page of the notebook and a sketch made on the 
right-hand page, corresponding points being numbered for iden¬ 
tification. The transit is set up on a point previously estab¬ 
lished in the control survey and oriented, that is, pointed due 
^outh when the plates read zero. Figure 201a gives the notes 
for such a survey, the letters Q, It, and S indicating occupied 
stations and the numbered points indicating successive points 
around R and S used for locating details. On each point at 
which the rodman holds his rod, the transitman reads the 
azimuth (estimated to 5' without using vernier), vertical angle, 
and rod interval. The sketch on the right-hand page, which 
shows all details and occasionally even sketched contours, is 
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made before the field data are taken and thus serves to indicate 
to the notekeeper whether or not the rodman has secured all 
necessary points. The map is made in the office. 

Method 2. In this method, the sketch which was made in 
the notebook in Method 1 is drawn to scale on a sketching 
board in the field; in fact the map is completely penciled in the 
field. It has the advantage of allowing the field draftsman to 
draw the map with the ground before his eye. He can thus 
prepare an equally good map with fewer points actually located 
on the ground. For example, it is not necessary to locate every 
point at which the slope of the ground changes since the drafts¬ 
man can see this with his eye and consequently needs fewer 
points. The penciled map is immediately available. 

Method 3. This method is the same as Method 1 except 
that no sketch is made on the right-hand page, only a worded 
description or small sketch showing the location of each point. 
This method is definitely inferior to Method 1 except for very 
simple surveys and where the notekeeper draws the map in the 
office very shortly after completing the field work, so that he 
has the ground and field work in his memory. 

CARRYING CONTROL SIMULTANEOUSLY 

Method 4. This method is similar to Method 1 except that 
no control is available. Here it is necessary to carry forward 
azimuth, distance, and elevation from one instrument set-up to 
the next; as well as to fill in the detail at each set-up. One 
objection to this method is that no checked location of the 
points Q , R, and S (Fig. 201a) can be plotted, or their checked 
elevations known until the entire survey is completed or checked 
on some final point, for example, on the point of beginning. 
The map must be made in the office. 

Method 5. This is similar to Method 2, except that no 
control is available and consequently the contours are only 
sketched as to form but not numbered. The continual trav¬ 
erse is carried forward by stadia as the* survey progresses and 
checked for traverse closure and for elevations at the time of 
final closure. Traverses may be checked by plotting, by lati¬ 
tude and departures, or by coordinates. The map must be 
prepared in the office. 
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Method 6. This method is similar to Method 5 except that 
the detail around each point is plotted on a separate polar 
coordinate sheet in the field. Since checked azimuths, distances, 
and elevation for control are not available and since this latex 
checking frequently requires adjustment, the map is not com¬ 
pleted in the field nor are the contours definitely numbered; 
only their shape is sketched. The sheets are made to scale and 
may easily be oriented and placed together in the office and the 
numbered contours may there be drawn. 

In general, it is better to do as much of the mapping as pos¬ 
sible in the field since the best of field notes are hard to interpret 
uhen the ground is not visible. If the map is largely drawn in 
the office, it is usually necessary to take the completed map 
into the field and check it over by comparing it with the ground. 

In comparatively level country, it is sometimes possible to 
avoid the necessity of reading vertical angles by leveling the 
bubble under the telescope and taking an ordinary level fore¬ 
sight on the rod. Such notes are taken at Q and B.M.i from 
Station R in Fig. 201a. 

217. The Plane Table. This instrument (page 266) is used 
for obtaining detailed topographic data and a completely pen¬ 
ciled map with much the same result as in Method 2 or Method 
5 above. Little traversing is done with the plane table because 
of the time required to set it up. Small plane tables, or sketch¬ 
ing boards which may be carried on the arm or used on a light 
tripod, are frequently used for work of low r precision; as, for 
example, on rough or small scale maps and in military mapping. 

The plane table is described in books on higher surveying. 
It is seldom used by private surveying organizations because 
most of them have neither the plane tables nor good plane- 
table men to operate them. Good plane-table men are rare, but 
may be developed from apt men after considerable training. 

218. Rectangular Control. The foregoing transit-stadia or 
plane-table methods are more economical in country with little 
or no high heavy brush or timber. In wooded or brushy country 
it is usually better to run a series of parallel traverses, usually 
one-sixteenth, one-eighth, one-quarter, or one-half mile apart, 
depending upon the precision required in the contours. If sec- 
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tion linos are used for control, then these traverses should 
divide* the sections approximately equally 

Levels are run along these traverse's with an engineers’ level 
and tome side elevations are taken where necessary. If the 
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Courtesy of ir and L E Gurley 

Fig. 217 . Plane T\ble 


traverse lines are a considerable distance apart anel some little 
detail is required between them, it is usually obtained by pacing 
or taping at right angles to the traverse, and by using a hand 
level or clinometer in a manner similar to that used in takin g 
topography along a line survey, as described on page 241. 
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219. Timber Land Surveys. Surveys of timber land are 
made in the manner of § 218, modified to give cheaper and less 
precis* results, and are used to plan logging operations. Such 
surveys are apt to be* drawn to a scale* of about 1 inch = 1000 
!e*e*t and to have a contour interval e)f about 25 feet. The 
control lines, perhaps one-quarter or one-half mile apart, are 
run with a compass, and are paced or taped, the elevations 
being determined with an aneroid barometer. One party does 
all erf this work, and it is accomplished rapidly, although ne>t 
\erv precisely. If a tape is used, the custom is to use 800-foot 
or 500-foot tapes, sometimes with extra length on the end to 
alle>w for slope, as described on page 22. 

220. Precise Topography on Small Areas. This type of large 
scale* map is used by the landscape architect or e*ngine*er as a 
basis for both design and construction. A scale* of 1 inch = 40 
fe*e*t with contour intervals of from Yi foot to 2 fe*et is fre*que*ntly 
adopted be*cause it permits accurate* ele*line*ation of details on 
the* map, and the use of eithe*r engine*e*rs , or architects’ scales. 

Such surveys are* made* l)y establishing rectangular control 
systems as indicated in Fig. 209, and by determining the ground 
elevations at the stakes with an engineers’ level. The side*s of 
the rectangles vary from 50 fe*e*t to 100 feet or more. Much of 
the* labor and time of stake driving may be* saved by using a 
large*r interval between adjacent stake's and by reading the 
ground elevations at the centers of the rectangles and at the 
midpoints erf the sides. It is also necessary to determine addi¬ 
tional elevations at other points erf topographic importance. 
Details such as trees, roads, and fence's are loeate'd with refer¬ 
ence to these stakes. 

In addition to their uses for design purposes, such surveys 
anel maps may be used for yardage* estimates, earthwork vol¬ 
umes being computed as on page 258. 

221. Photographic and Aerial Mapping.* Photographs taken 
with special cameras, either from the ground or from an air¬ 
plane, form a basis from which maps satisfactory for many 
purposes may be prepared. It is a highly specialized type of 
work requiring special training and special equipment, and can- 

* See also §200. 
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not ordinarily be undertaken economically or effectively by the 
usual engineer without such training. Many private mapping 
companies will take contracts for work of this nature. 

Photographic surveys are based on a control of triangulation, 
traverse, or other surveys, such as the United States sectional- 
izing surveys, which have been made by ordinary ground 
methods. With elevations of critical points known from ground 
control, relative elevations and contours can be determined with 
considerable accuracy on rectified aerial photographs by means 
of a stereoscope equipped to measure parallactic displacement. 

The United States Geological Survey and the Tennessee 
Valley Authority are obtaining topographic maps from aerial 
photographs comparable to those obtained from their ground 
survey work. 

Aerial photography with a minimum of ground control is 
also being used successfully by the Department of Agriculture 
to produce maps from which areas of farm lands can be meas¬ 
ured fairly accurately with a planimeter. 

This method of mapping is progressing very rapidly and 
doubtless will be used to an increasing extent on large area 
work of the future. 

Considerable published data are available in periodicals. Some 
of the best recent references are Bulletins on Aerial Photogiam- 
metnj , Earl Church, Syracuse University, 1931 to date, and Photo - 
qrammetric Engineering , American Society of Photogrammetry. 

222. Scale and Use of Maps. The use of the map should 
govern the scale to which it is to be drawn, and the scale of 
t he map then determines the type and precision of field surveys 
necessary. The smallest scale maps in general engineering use 
are those of the United States Geological Survey, which are 
drawn to scales of 1/02,500 or 1/125,000, that is, one inch equals 
approximately one mile or two miles. Recently the Survey is 
using a larger scale ( 217 RJ&). Such maps are valuable for the 
general plan or reconnaissance of large projects, and for making 
rough estimates of their feasibility and cost. 

For detailed estimates and planning of construction, it is 
customary to make maps on scales of 1 inch = 50 feet, 1 inch = 
100 feet, or 1 inch = 200 feet. Scales of 1 inch = 400 feet and 
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1 inch = 1000 feet are used for somewhat less detailed planning 
and for general maps of small projects. Maps of 1 inch = 1000 
feet scale are large enough to show property lines, except in 
cities, but will not adequately portray smaller features, nor will 
the contours be sufficiently numerous or precise for close esti¬ 
mates. A scale of 1 inch = 40 feet lends itself either to the 
engineers’ or architects’ scale. 

With reasonable precaution it is possible to scale a map to 
the nearest 1/50 inch, which would mean one foot on the 
ground if the map scale were 1 inch = 50 feet, or proportionally 
for other scales. 

The contour interval varies from one-half foot to 100 feet, 
in the majority of cases being 1 foot, 5 feet, or 10 feet. It is 
customary to assume, in using a contour map the detailed pre¬ 
cision of which is unknown, that if the pencil is placed at any 
particular point on the map, over 90 per cent of the elevations 
as interpolated from the map should represent the true eleva¬ 
tions of the ground with a maximum error of from one-quarter 
to one-half of the contour interval. That is, on a 5-foot con¬ 
tour map we should be able to estimate elevations within 1 x /i 
l<*ot to 2% feet. As a consequence, the contour interval should 
not be less than the field data warrant. If the contour interval 
is too small, the contours will have to be drawn so closely 
together on the map as to run together. 

223. Plotting the Data. The control or skeleton survey is 
first plotted on the sheets (preferably by rectangular coordi¬ 
nates, §§240 and 251) and the details are then plotted with 
straight edge, triangle, scale, and protractor. Since few, if any, 
dimensions are given on a map, all data must be scaled from it; 
and it is consequently necessary that maps be more carefully 
drawn to scale than is the case in machine or architectural 
drawings, where all dimensions are given in figures. Steel 
straight edges and triangles should be used instead of the less 
precise celluloid ones. 

While any type of protractor may be used for plotting details, 
>ne of the better ones is shown in Fig. 223. It speeds and 
facilitates the work, where any considerable quantity of work 
,s to be done. 
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For laying off angles precisely, as is frequently necessary m 
establishing the control lines on the map, it is customary to um- 
tlit* tangent method of Fig. 35c. A ten-inch base is convenient 
since it permits the necessary multiplication by shifting the 
decimal jxrint. Precise maps are usually plotted by the coordi¬ 
nates of §§ 240 and 251. 


r " ”• •%* 
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After computation Is completed in the transit-stadia note¬ 
book, the azimuth and distance of the several shots around the 
stadia station are plotted and the elevation is lightly penciled 
adjacent to the point. The plotted point is often used as the 
decimal point of the elevation. The contours are interpolated 
as described on page 178. The penciled transit-stadia sheets are 
sometimes penciled m the field as previously suggested and are 
always completely penciled if the plane table is used. This, of 
course, minimizes the office mapping 

224. Mapping by Contract. It has become increasingly 
the custom in recent years to let contracts for mapping to 
companies which specialize in such work (particularly aerial 
photography) and thus to secure the services of a trained, organ¬ 
ized, and skilled group of technicians. Even engineering com¬ 
panies or governmental units which wish to concentrate their 
attention on the design and economic features of a project, 
frequently shift the burden for detailed surveys and maps to a 
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iv.; |Mig company. Here it is necessary first to agree upon 
specification* governing the final surveying results needed and 
al*o to some extent to specify the order in which the work shall 
be done so that progressive information may be furnished the 
deigning engineers in order that their work may progress with 
the surveys. In order to check the accuracy of such contract 
Mipevs, profiles are run on the ground and compared with 
corresponding map profiles. Also, a small portion of the map 
may be re-surveyed as a check. 

PROBLEMS 

1. Plat a topographical map from assigned field notes, for example, 
those of Fig. 201a, or for some more elaborate* survey 

2. On an assigned area in tin* field for which controlling elevations are 
furnished, sketch in o-foot contours, buildings, roads, improvements, and so 
on hv eye, checking important points or dimensions by pacing. Cheek 
the completed sketch by superimposing a true tracing on it. 

3. Make a topographical map of an assigned area in the field by one or 
more of the methods mentioned in this chapter. Sometimes part of the 
map may be made by methods outlined in the chapter on Route Surveying. 
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225. The City Engineer and the Private Engineer. Certain 
surveys are made by the city engineer or his staff for the pur¬ 
pose of laying out construction improvements to be undertaken 
by the city, such as streets, sewers, water mains, conduits, anj 
the like. Here the surveyor is not concerned with lot boundaries, 
since his only purpose is so to locate street and alley lines as to 
avoid encroaching on private property with his construction. 
The sidewalks most nearly approach private property and they 
are often set one foot into the street away from the private 
property line. The city engineer is not concerned with estab¬ 
lishing lot boundaries for private owners, and any lot boundaries 
so established by him have no greater value or authority than 
those established by any competent private surveyor. Railway, 
telephone, gas, power, and other corporations make surveys of 
this same general nature within a city, usually without special 
reference to lot boundaries. 

In contrast to these public or semi-public surveys are those 
private surveys which are made to determine private property 
or lot boundaries. The original subdivision of acreage into 
city lots is the work of the private engineer or surveyor, as is 
the future relocation and preservation of these boundaries; all, 
of course, are subject to appeal to the courts. It is commonly 
found that private engineering and surveying companies have 
better and older records and a more competent staff for the 
location of lot boundaries than are available in the official 
organization of the city engineer. 

226. Lot Surveys and Subdivision Plats. Subdivision of city 
acreage into lots is mentioned in Chapter XII. One of the 
better typos of subdivision is shown in Fig. 226. Most of our 
older cities were either laid out haphazardly or on the rectan¬ 
gular system. In a few’ cases, as a reaction against this regu- 
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viewpoint and the practical viewpoint is found in books on city 
planning. 

The relocation of lot boundaries is made primarily from the 
filed subdivision plats, of which Fig. 22b is a very good example. 
'FVse are filed with the city recorder or similar official. Due 
consideration must be given to court decisions and to long 
occupancy of property (adverse possession, page 200) in the 
neighborhood. When the resurvey is made, it is generally found 
that the measured distances and angles do not agree exactly 
with those on the filed plat. Errors of distance are usually pro¬ 
portioned over all of the lots lying between existing monuments. 
Other types of error must be adjusted as occasion demands, and 
it is here that the law of land surveying must be known and 
applied. Much of the procedure is similar to that given on 
pages 230 to 234. 

The older lot-survey firms, and occasionally the office of the 
city engineer, have in their files plats of each city block, upon 
w hich are recorded all previously made surveys and court deci¬ 
sions affecting that block. The records of the private firms are 
not available to the public, and it is apparent that the young 
or newly-arrived engineer should hesitate 1 to make lot surveys 
in the older communities. He may well make lot surveys of 
less expensive property where the original subdivision was accu¬ 
rately made in recent years and where no court decisions or 
erroneous surveys complicate the matter. 

The survey of a city lot is shown in Fig. 226a. 

227. Surveys by the City Engineer. The city engineer occa¬ 
sionally makes surveys of almost every conceivable kind, but 
the majority of his work is in laying out such public improve¬ 
ments as streets, sewers, water mains, parks, and the like. 

It is the duty of the city engineer to set and to maintain 
permanent street monuments to which all subsequent surveys 
may be tied or connected. In unpaved streets, these monu¬ 
ments are usually set at the intersecting center lines of the 
streets, and consist of a large stone, a block of concrete, or an 
iron pipe buried sufficiently below the surface to prevent dis¬ 
turbance from above or upheaval due to freezing. A definite 
point is, of course, marked on the monument. Where the streets 
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are paved, it is customary to place the point of intersection of 
the* street lines in the bottom of a small cast-iron box set flush 
with the pavement surface. 

In some cities the center lines are offset so as to throw the 
intersections and survey lines outside of the paved area and in 
the parking or sidewalk area. 

It is customary to place only stakes when the survey is being 
made, and the permanent monument is placed later by means of 



Fig. 227. Replacing Stakes with Monuments. 


strings or offsets from temporary marks or stakes, as shown in 
Fig. 227. If there is possibility of the monuments being dis¬ 
turbed, they should be carefully referenced to three or more 
reference points as in Fig. 203. The subdivision plat of Fig. 226 
shows the location of such monuments. Their descriptions and 
rectangular coordinates, and the bearings and lengths of lines 
connecting them are available to the public in the office of the 
city engineer. 

Bench marks, for elevation, must be accurately established 
by the city engineer. Only a few set-ups of the level should be 
necessary to carry elevations from these bench marks to any 
part of the city. The elevations of the bench marks are avail¬ 
able to the public at the office of the city engineer. Bench marks 
are established on the water table at the top of the foundation 
of buildings, on solid curbs, and on other improvements that 
are not apt to settle or to be upheaved by frost. Steps of build- 
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mgs are not generally useful because they are frequently built 
on very light foundations. 

Triangulation is frequently used as a basis of control for city 
surveys, as mentioned on page 191. 

228. Precision of City Surveys. In small towns or outlying 
districts where property is not very valuable, a precision of 
1 5000 may be sufficient, but most city surveys require a pre¬ 
cision of 1/10,000 or better. In valuable business districts, a 
precision of 1/25,000 may be necessary. 

In the less valuable districts, and especially in residence 
sections where the buildings do not touch the property lines, 
an error of a few tenths of a foot may not be serious, although 
an attempt should be made to confine such error to the nearest 
one-tenth or two-tenths. Such errors, however, would not be 
tolerated in expensive business property where the lot lines 
must be located within a few hundredths of a foot. 

In surveys of lesser precision, it is acceptable practice to 
measure angles to the nearest minute and to tape by the better 
oidinary methods, recording distances to hundredths of feet. 
The tape is leveled by eye, pulled by estimate, and only roughly 
corrected for temperature. In the more precise surveys, it is 
necessary to use standardized tapes read to the nearest hun¬ 
dredth of a foot and corrected for temperature, pull, sag, and 
mi nation from the horizontal. Angles are measured by repe¬ 
tition to the nearest one-half, one-quarter, or one-sixth of a 
minute. It is evident that this type of survey requires skilled 
personnel. 

The foregoing precision refers to lot-line location as usually 
handled by private engineering or surveying firms. The lesser 
degree of precision, about 1/5000, is ordinarily sufficient for 
most of the public improvement surveys made by the city 
engineer since these improvements do not usually adjoin private 
property. 

229. Staking out Structures. In setting stakes for construc¬ 
tor too many stakes are expensive and apt to be confusing to 
*he construction men, while too few stakes require the foreman 
'> «ct the missing ones, often not precisely or economically. A 



278 


CITY SURVEYS 


[Ch. XV 


happy mean should be chosen between these extremes, prefer¬ 
ably in consultation with the const ruction superintendent. 



Fig. 229. Batter Boards. 


Buildings are staked in accordance with the plans of the 
architect or engineer or in line witli the wishes of tin 1 owner 
after the property lines are established. It is not possible to 
retain stakes set at the corners of structures since such stakes 
would be dug out in the excavation for foundations. Batter- 
boards (Fig. 229) consisting of 2" X 4" posts driven into the 
ground across which are spiked horizontal 1" X 4" strips, are 



Stakes -«= 

7rans/f setup — o 

Fig. 229a. Staking a Bridge Abutment. 
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„ r t a few feet outside of the structure lines. Heavier strips and 
jio-ts are necessary for important structures. Nails are driven 
into these horizontal strips on the prolongation of the lines of 
the building so that a wire or chalk line stretched over the nails 
will define the line of the structure throughout its length. It is 
sometimes convenient to set these batterboards at some even 
number of feet above or below the top of foundation or floor 
level, and in such ease the tightly drawn wire or chalk line will 
eive approximate elevation data. Sag prevents such data from 
being exact except near the batterboards. 

Figure 229a shows stakes necessary for a modern open type 
of bridge abutment. The stakes must be set out far enough so 
.is to avoid disturbance during rough excavation, pile driving, 
concreting, and so on. Moreover, they must be set in such 
positions that the controlling points of the structure may lie 
reproduced on the ground, on the concrete forms, or on the 
structure at any time during construction, regardless of inter' 
veiling obstacles, such as falsework or piles of materials. 
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230. General Information. The office work and computa¬ 
tions in surveying vary in scope and complexity from the simple 
computations which are made in the field, through the more 
complex surveying computations and mapping which are best 
done in the office, and eventually reach those computations 
and drawings which are a part of the design of the project. 

In a survey of considerable extent or complexity, it is desir¬ 
able that the computations and preparation of maps follow 
immediately after the field work while the matter is fresh in 
mind and while the field party is still available to correct errors 
and omissions. In those rare cases where the office work must 
be postponed for a considerable time, it is necessary to modify 
field methods so as to minimize such errors and omissions. 

If only a few men an 1 engaged in the survey, the work may 
be computed and plotted in the evening or on rainy days; or 
one man may be left occasionally in the office. With several 
or more field men, it is advisable to leave a field draftsman in 
the office or in camp. He not only works up the data at the 
end of each day, but he also furnishes maps and other data 
to the field pailies before they enter the field on the following 
day, and thus enables them to work more effectively. Since 
field work is slow and expensive relative to office work, the 
office man or men are an economy. 

231. Errors and Omissions. The notekeeper makes every 
effort to avoid errors and omissions, but they will creep into 
any extensive survey. It is the duty of the office man or drafts¬ 
man to scrutinize the notes immediately and to work th^m up 
so that the field party may be advised at the earliest date, 
preferably on the next morning, what added or corrected data 
are necessary. The office man, in conference with the chiefs oi 
party and the engineer in charge, frequently outlines the field 
duties for the following day, laying out the work so that the 
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results from the several parties will be correlated and will 
progress effectively. 

232. Organization of the Office. While the office man may 
receive more or less salary than the transitmen, he should rank 
with the transitmen. One office man will usually be required 
for each one to three parties, and where several parties are 
working from different quarters, each party may have its own 
draftsman with it. 

So far wc have spoken of the field draftsman directly attached 
to the field parties. In the headquarters of the project, the 
office* force is composed of draftsmen, computers, designers, a 
timekeeper, and a blueprinter. The size of the force will depend 
on the nature of the survey and on the amount of design work 
that is handled in connection with the computations and 
mapping. 

233. Office Records. It is customary to provide computa¬ 
tion books in which the figures may be kept permanently. The 
most popular form uses an 83'6-inch X 11-inch yellow sheet 
with light J^-inch cross-section ruling on the sheet. While these 
an* available in loose leaf form, the bound books are frequently 
iw»d. In both field books and in office computation books the 
loose leaves are apt to become lost or misplaced and are more 
easily, and improperly, altered. 

It is necessary that some systematic arrangement be pro- 
i ided for filing field notebooks, computation books, maps, and 
other office records. Each field book is invariably indexed in 
the front of the book (Fig. 39). The 1 looks are numbered in 
"ome way so as to designate, at least roughly, the nature of 
the notes. For example, transit books may bear the letter T 
and level books the letter L, or the transit books may be num¬ 
bered from 1 to 1000 while the level books are of a series 1000 
t,) 2000, and so on. Where a considerable number of books 
• cumulate, it is desirable to use a cross-indexed set of cards 
" inilar to those of a library. The cards may be cross-indexed 
v subject, geographic location, owner, or other division. These 
ivi.sions may be further subdivided; for example, under subject 
might have reconnaissance, preliminary, location, construc- 
(, n, maintenance, and property surveys. 
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Computation hooks, maps, and plans should be similarly 
filed and indexed. Drawings are most conveniently filed fiat 
in drawers or hung vertically on racks, although some engineers 
prefer to roll them, especially if the number is small. Com¬ 
putations, maps, and plans usually carry a file number on their 
face. In some 1 instances the file number may be the same one 
that is used for correspondence on that subject. 

It pays to store 1 the more valuable field notebooks, computa¬ 
tion books, maps, and plans in fire-proof vaults, since the 
records have cost many thousands of dollars and, in addition, 
their loss may cause delays and disputes involving considerable 
exjK'iise. Since steel filing cabinets and office equipment are 
now as cheap as wood, they may Ik* provided to reduce fire 
hazard. Entries or alterations in field notes which are made in 
the office should be in red ink. 

234. Tables and Diagrams. For offices extensively engaged 
in surveying, it is usually found desirable to prepare tables and 
diagrams for facilitating both field and office work. Some of 
these may be secured from publishers and dealers, such as 
traverse tables, stadia tables and diagrams, earthwork tables 
and diagrams, slide rules for stadia, and so on. On a project 
of considerable size, it is customary to prepare many other such 
aids to fit the special conditions encountered on that project. 

235. Reproduction of Maps and Plans. Drawings on thick 
opaque paper can be reproduced only by tracing or by photog¬ 
raphy. Copies can, of course, be made to any desired scale by 
photography. 

Drawings made on thin paper or on tracing cloth may be 
reproduced to very closely the same scale (not precisely the 
same because of shrinkage or expansion of the tracing and of 
the print) through a process of blueprinting. According to the 
kind of paper used, prints may show: 

1. A white line on a blue background (the ordinary blue¬ 
print), 

2. A white line on a black background, 

3. A black line on a white background, 

4. A reddish line on a white background, 
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5. A transparent white line on a brown background (a Van 
Dyke), from which in turn prints may be taken, 

0. A black line on transparent tracing cloth (not paper) 
which itself may be used as a tracing, 

7. Other unusual combinations. 

If a drawing is reduced or enlarged by photographing it, the 
resulting copy is called a photostat. When a drawing is made 
with the intention of reducing or enlarging it by photography, 
die thickness of the lines and the size and weight of the letter¬ 
ing should be made so as to show properly on the photographed 

O */6 & JAf/fc 

I_I_I_I_I 

Sca/e ■ I inch =40 feet 

l i » i l _I_I_i_I 

20 JO O 20 40 60 60 

Sca /e -^ 0 

o " ^ /on 200 aocT^^OO 600 
Sca/e ■ / inch=200feet 

C =3 ——i —r . .= ■ a i - 1 . =a 

JOO O JOO 200 300 400 

Fig. 235. Graphical Map Scales. 

copy. Imperfections in the original are, of course, exaggerated 
by enlargement and minimized by reduction. Certain colors 
will not show on the usual photostat unless a color filter is used. 

Photography is the basis of pianographing, the most modem 
method of printing engineering drawings and reports. 

By these various processes, almost any type of reproduction 
of drawings in any quantity can be secured from commercial 
blue-printing companies on short notice. These processes have 
developed rapidly in recent years. 

Since any of the reproduction processes may somewhat alter 
the scale of the drawing and since there are few dimensions 
id von on maps and most of the information must be scaled 
therefrom, it is desirable that maps have a graphical scale 
Hg. 235) showm on them. This scale will, of course, be pro- 
>ortionally reproduced on the reproduced map. Coordinate 
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lines on a map are the most precise way of caring for this dis¬ 
tortion of scale in the reproduction process. 

236. Suggestions to Computers.* “Do not crowd your work, 
paper is comparatively cheap. 

“ Do your work in a systematic manner. If it permits tabular 
arrangement, always use the forms approved by other com¬ 
puters unless you can convince them that yours are better 
The Survey has printed forms for many purposes; these should 
be used whenever possible, for by their use the work is made 
more mechanical, and the more mechanically the work is done 
the less chance there is for error. 

“A computer who is inexperienced or out of practice should 
check his work in every way possible. He should check loga¬ 
rithms either of numbers or of circular functions by using first 
a tabular value for a quantity less than the given one and then 
a greater tabular value, so that the differences in one case may 
be added and in the other subtracted. This operation may be 
reversed when the logarithm is given and numbers or angles 
are required. 

“Many errors are made by taking out the first three figures 
of a logarithm from the w rong line of a seven-place table where 
a dash over the fourth figure indicates that the first three 
should come from a lower line. 

“As the algebraic signs of cosines and sines are so frequently 
required, the rules governing them should be firmly fixed in 
the mind; as an aid to this remember the general rule that dis¬ 
tances measured upward or to the right on the conventional 
plat of the quadrants of the circle are considered positive, others 
negative. The w r rong use of signs is a very common source of 
error. 

“Each step in a long computation, if it is not at once auto¬ 
matically checked, should be checked by repeating the com¬ 
putation. 

“Check the copying of angles, distances, etc. taken from 
adjusted results for use in new r computations; also check figures 
carried from page to page. 

“Gross errors are sometimes made by using the sine when a 

♦ From Bulletin 788, 1926, United States Geological Survey. 
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■*(wne is required, or by writing a product in the wrong column, 

east for west, in transit-traverse computations. 

“Placing the decimal point in the wrong place is a common 
mistake. This may in many cases be corrected by a mere inspec¬ 
tion of the quantity to sec whether it appears of proper value. 

“When a large closure error is found in a transit-traverse 
line look first for a compensating error of 1° or 10° in the azi¬ 
muths or angles. 

“Good judgment should be exercised in the degree of accu¬ 
racy sought for a given result. For the preliminary computation 
ot geographic positions, for example, six-place logarithms will 
suffice; these can be taken from a seven-place table with only a 
rough interpolation. A four-place logarithm can often be used 
to advantage. The accuracy of the results obtained should 
equal the requirements; more than this involves a waste of time. 

“When computers are duplicating work and a difference is 
found, each should recompute the result before correcting 
cither as errors have frequently been made by changing the 
correct figures. 

“When two persons are comparing a copy with the original, 
if the reader occasionally calls out a wrong figure or word 
intentionally and notes whether the error is caught up, it tends 
to keep the listener more intent on the work.” 

237. Office Equipment. A first-class mapping and drafting 
office will contain the following equipment, either belonging to 
the office 4 or to the draftsmen there employed. Temporary 
offices will, of course, not contain all of these items. 

1. The usual set of drafting instruments, including a swivel 
or contour pen, a bow-pen for making small circles with a 
whirling motion (sometimes called a rivet pen or a piledriver), 
md a railroad pen for drawing double lines or borders. 

2 . Architects' and engineers' scales, the latter used for most 
napping except in landscaping and in building-site maps. 

3. T-squares and triangles, including at least one steel 
traight edge and one steel triangle. 

4. Various devices for assisting in lettering, such as rubber 
r metal stamps for titles; Payzant, Wrico, or Leroy lettering 

ns; and so on. 
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5. Irregular curves, a flexible curve or spline, a set of high¬ 
way or railway curves, and a beam compass for drawing curves 
of long radii or for use as long span dividers. 

6 ; A polar planimcter for measuring areas with a precision 
somewhat bettor than 1 per cent, and a rolling planimcter for 
considerably better precision than this. The size and shape of 
the figure and the* skill of the operator also affect precision. 

7. Slide rules of the ordinary type and of the stadia reduc¬ 
tion type. 

8 . Computing machines for addition, subtraction, multipli¬ 
cation, and division, of the typo of the Monroe or Marchant 
machines. 

!). One set of seven-place logarithms and trigonometric func¬ 
tions, and several sets of five- or six-place tables. 

10. A survey traverse table for computing latitudes and 
departures. The larger and better tables, such as Gurden, are 
easier and faster to use, while the smaller tables, such as Louis 
and Gaunt, require more time but are cheaper and easier to 
carry about. 

11 . * Special instruments, such as a drafting machine, a blue¬ 
printing machine, a pantograph, large proportional dividers, 
and so on, that are somewhat rarely used but occasionally 
useful. 

12 . Equipment for reducing maps photographically. 

238. Map Papers. The map may be drawn on buff detail 
paper, on heavy white high-grade paper, on linen tracing cloth, 
or on tracing paper. 

Buff detail paper is most used. It is not expensive, lasts 
well, and will stand considerable abuse. Occasionally this map 
is inked and used permanently, but more frequently it is pen¬ 
ciled or partially inked and then traced on linen. It is much 
easier to trace provided tlie buff detail sheet has been inked, 
CJt least in part. White paper is more expensive, more durable, 
makes a better looking map, and is generally used where the 
map is to be inked on the paper and used permanently or for 
exhibition purposes. Various weights of paper are used. Any 
of these papers, as well as blueprint paper, is stronger if mounted 
on cloth. 
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Oiled transparent paper or pencil tracing cloth is increasingly 
ti-eil. The dr ic in,*?: may be only penciled, it may be inked, or 
i he less important lines may be left in pencil and the important 
ones inked. They are not as durable as tracing cloth or heavy 
detail paper, but their transparency permits use in preparing 
blueprints. Sometimes this eliminates the process of tracing on 
linen, although, if permanent records are needed, it is perhaps 
best to trace the map from the tracing paper onto tracing 
linen One advantage of making the original map on pencil 
tlacing paper or cloth is that it hastens completion of the map. 
ANo, it permits the preparation of blueprints as the map pro¬ 
gresses and such partially complete maps are of great assist¬ 
ance to the field parties, to the designing engineers, and to the 
officials, who are thus enabled to plan and design before the 
map is finally completed. Such use of the partially complete 
map frequently alters the nature of the yet uncompleted field 
work. The disadvantage of oiled tracing paper lies in its ina¬ 
bility to stand hard usage. The plain tissue tracing paper 
used by architects is not used in mapping since it is even less 
able to stand hard usage. Improved tracing papers are recently 
available. 

Linen tracing cloth makes the best blueprints and is gener¬ 
ally used to trace, with ink, maps which have been penciled. 
In rare instances, the map may be drawn with soft pencil on 
the dull side of the linen, but such lines are easily blurred and 
<lo not blueprint well. Tracing linen is more durable, is now 
available waterproofed, and permits erasures and alterations 
better than any paper. 

A 4H, or harder, pencil is used in mapping so that the lines 
vvill be sharp and permanent. Mapping must be done more 
accurately than ordinary engineering drawing. 

239. Placing the Drawing on the Paper. Profiles are drawn 
} roin left to right, with the title at the left end so that it will 
he seen when the unrolling is started. 

Maps are drawn with their north to the top unless their shape 
lomands that they be otherwise turned in order better to fit 
paper. Lettering reads from the bo* tom a*)d right, as in 
'ost engineering drawings. 
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Some general idea of the dimensions of the map and its 
extent in all directions should be visualized and estimated so 
that all work may lie within the limits set for the map. It is 
better not to draw the final border lines until the map has 
taken form on the paper and its limits and the position of the 
title are established. If it is traced later, the border lines may 
then be shifted, but it is preferable to have them properly 
placed on the pencil drawing. 

240. Coordinate Axes. If the coordinates have been figured 
for the survey, as mentioned in § 247, they should be used in 
plotting all coordinated points. For precise mapping of any 



Fig. 240. 


considerable extent, the coordinates must be computed, if only 
for plotting purposes. The coordinate lines are carefully con¬ 
structed with steel straightedge and triangles, or by geometri¬ 
cally constructing a right angle with a beam compass. The 
coordinate squares, usually 10 inches by 10 inches, are checked 
by measuring all sides and diagonals, since the precision of the 
map will depend upon their accuracy. Wooden or celluloid 
T-squares, straightedges, or triangles should not be used. If 
no other equipment is available, then the wooden instruments 
must be carefully reversed as in Fig. 240, to eliminate the warp 
which is generally present. 

Coordinates are plotted as in Fig. 240a. In all plotting or 
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scaling by coordinates, it is desirable to place the 0 of the scale 
on one coordinate line and the 10 (or other definite division) of 
the scale on the adjacent coordinate line. The amount of 
shrinkage or expansion of the paper is thus noted and an allow¬ 
ance is made for it in plotting or scaling. 



Fig. 240a. Plotting by Coordinates. 


In the usual method of plotting at B , the short horizontal 
marks on the adjacent vertical coordinate lines are measured 
with the 0 of the scale on the lcmer adjacent horizontal coordi¬ 
nate line, and the longer horizontal line at B is drawn between 
them. The short vertical intersecting line at B (which accurately 
locates the point) is located with the 0 and the 10 (or other 
definite division) of the scale on the adjacent vertical coordinate 
lines. 

The draftsman must compare the scaled distance between 
successive plotted points with the surveyed length, thus secur¬ 
ing an excellent check. 

241. Other Plotting Methods. If coordinates are not avail- 
hlc, the angles and distances are laid off by one of the following 
css satisfactory methods. 

1. By Tangents . With a 10-inch base and the natural tangent 
f the required angle, the tangent is multiplied by ten by shifti¬ 
ng the decimal point, and the right angle offset from the base 
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flo calculated is laid off, thus permitting the angle to be plotted 
precisely, as in Fig. 35e. 

2. The Chord Method. The chord method is of about the same 
precision but a bit more awkward, and is less frequently used 
It is shown in Fig. 35d. 

3. By Protractor. By some one of the vaiious protractors. 
This is the easiest, quickest, and least precise method. 

4. By Radians, sis in Fig. 35c. The results may be made 
satisfactory in precision for ordinary work and no trigonometric 
tables are needed. 

242. Scales. The scale and contour interval should be chosen 
as suggested on page 268, and the purpose of the map and the 
precision of the survey work should be borne in mind. 

243. Finishing the Map. Even though the map is later to be 
traced on linen, it is desirable that it be completely and carefully 
penciled, both to make the map available for a permanent 
record and to facilitate tracing. Since it is frequently difficult 
to trace pencil lines, the detail drawings, or at least their princi¬ 
pal lines, are often inked. 

The finished map should include a title giving the name and 
the location of the area mapped, a statement of scale, the date, 
and the names, preferably the signatures, of persons responsible 
for the work. There also should be a legend explaining the 
symbols used, and the orientation should be shown by a simple 
north point. 
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COMPUTATION OF TRAVERSES, LATITUDES AND 
DEPARTURES, COORDINATES AND AREAS 

244. Checking Angles of a Traverse. It is customary for 
the transitman to check his angular work and to correct any 
appreciable errors in it before leaving the field, or at least 
before turning over his 
notes to the office force. 

The angles may be checked 
in several ways. 

1. The sum of the in¬ 
terior angles of a polygon 
is equal to the number of 
angles minus two, multi¬ 
plied by 180°. The deri¬ 
vation of this simple and 
useful geometric relation 
(Fig. 244) is easier to remember than is the rule or theorem. 
It will be noted that, if the polygon be divided into triangles, 
there are two less triangles than there are polygon sides. Each 
triangle comprises 180° and the sum of the angles of all the tri¬ 
angles is equal to the sum of the interior angles of the polygon. 

2. In a closed deflection angle traverse which does not cross 
itself, the algebraic sum of the angles is 360°. 

3. Where azimuths are used, they are checked on the plates 
whenever the transit is set up on a line of known azimuth. 
In a closed traverse, this check occurs at the final set-up, as 
explained on page 112. 

4. When a traverse does not close, it is the practice to deter¬ 
mine the bearing or azimuth of the first line from some known 
direction, or by solar or polaris observation, and then to carry 
lorward the azimuth on the plates or to compute the bearings 
>f subsequent lines from the measured angles, as shown in 
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Figs. 96a and 97a. At the end of the traverse the bearing or 
azimuth of the last line is again determined from a known 
bearing or azimuth, or from astronomic observation, and this 
value should agree with the value which has been carried 
forward. Thes^ checks are made every few miles. Allowance 
must be made for convergence of the meridians (Table VT) 
which amounts to 1 minute per mile of east and west direction 
in latitude 49°, and also varies with the latitude. 

Angular transit errors are usually small, amounting to only a 
few minutes. Small angular errors of a minute or two may be 
added to or subtracted from one or two of the angles which 
are apt to have been erroneously measured. For example, 
the angles whose sides are short are usually not precisely 
measured because the slight displacement of a point at cither 
end of a short line changes an angle more than at the end of a 
long line. Frequently the total angular error may be distributed 
equally among several angles or among all of them. 

Any large error in angle must be corrected by remeasurement 
before the party leaves the field. Most large errors or mistakes 
are apparent while the transit is yet at a point, provided the 
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calculated bearings or the plate azi¬ 
muths (Figs. 96a, 97a, and 99) are 
compared with the needle readings. 

The angles are usually either remeas¬ 
ured or adjusted to close before the work 
of calculating latitudes and departures 
is begun. 

245. Latitudes and Departures. 

Figure 245 shows the relation between 
a line and its latitude and departure. 
The latitude (length X cosine of bear¬ 
ing) of a line is its north and south 


Fig. 245. component. The departure (length X 

sine of bearing) is the east and west 
component. It will be noted that the latitude and departure 
arc obtained by the above multiplication, regardless of the 
quadrant in which the bearing occurs. 


The sine or cosine of the azimuth may be used instead of the 
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sine* or cosine of the bearing, but it is seldom used since trigono¬ 
metric tables arranged to read from 0° to 360° are rare. 

In any closed traverse, as in Fig. 245a, it is apparent that the 
sum of the latitude of lines bearing in a northerly direction 





must be equal to the sum of the latitudes of lines bearing in a 
southerly direction, since the survey goes as far north as it 
goes south. Similarly the sum of the west departures must be 
equal to the sum of the east departures. 

If, then, the north latitudes be computed and added, their 
sum must equal that of the south latitudes unless some error 
has occurred in the field work or in the computation. The same 
is true for east departures and west departures. Actually some 
error always exists in the field work and not infrequently in the 
computation. Sometimes this error is large enough to require 
correction in the field; at other times it may be adjusted in the 
office, as described in the following section. 

The computed distance between the first and final points of a 
closed traverse, which would be zero if the field and office work 
were perfect, is called the linear error of closure and is shown 
on Fig. 245b. It is approximately determined by plotting the 
traverse to scale, or more exactly by roughly computing the 
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hypothenuse of a right angle triangle whose sides are the error 
jp latitudes and the error in departures, respectively. The 
error of closure is expressed as a fraction; for example, if the 
hypothenuse is 5.0 feet and the traverse is 3930.8 feet long, 
the error of closure is expressed as 1/786. 



The computation for Figs. 245a and 245b follows. 


Line. 

I.kngth 
in Feet 

Hearinu 

Latitudes 

Departures j 

North 

South 

East 

West 

1 2 

1395.6 

S 68° 32' 10 



1298.8 


2 3 

961.3 

S 55° 40' W 


542.2 


793.8 

3 4 

243.3 

N 32° 48' W 




131.8 

4 5 

816.5 

N 57° 17' W 

441.3 




5 1 

514.1 

N 37° 04' K 





Sum 



1056.0 

1052.9 


1612.6 


Error in latitude is 3.1 feet . Error in de parture is 3.9 feet. 

Linear error of closure is V(3.1)* + (3.9) 2 = 5.0 feet. 

This error of closure is expressed also as 5.0/3930.8 = 1/786. 

The following arrangement of logarithmic computation is 
best. For each adjusted bearing, take the logarithmic sine and 
logarithmic cosine simultaneously from a single line of Table III 
(Logarithms of Trigonometric Functions). 

The Gurden Traverse Tables, the Louis and Gaunt Traverse 
Tables, and others are somewhat better than ordinary tables of 
logarithms for the computation of latitudes and departures. If 
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Line 

1-2 


3-4 

n 

5-1 

Latitude 

Log. lat. 

510.7 

2.70819 

542.2 

2.73414 

204.5 

2.31071 

441.3 

2.64474 

410.2 * 
2.61302 

Log. cos. 

Dig. dist. 

Log. sin. 

9.56343 

3.14476 

9.96878 

9.75128 

2.98286 

9.91686 

9.92457 

2.38614 

9.73377 

9.73278 

2.91196 

9.92498 

9.90197 

2.71105 

9.78013 

Log. dep. 
Departure 

3.11354 

1298.8 

2.89972 

793.8 

2.11991 

131.8 

2.83694 

687.0 

' 

2.49118 

309.9 


calculating machines such as the Marchant, Monroe, and others 
are available, they provide the easiest method of computing 
latitudes and departures. 


246. Adjustment of Traverses. A single large mistake, as for 
example 100 feet, may frequently be located on the line where 
it has occurred by inspection of the amounts of errors in the 
latitudes and departures. For example, if only a single large 
mistake in taping is involved, then the error in departure divided 
by the error in latitude will give the tangent of the bearing of 
the line upon which the mistake occurred. After the mistake 
has been so located it is usually necessary to check the line in 
the field. 

If the error of closure, as shown by the failure of the algebraic 
sums of the latitudes and departures to total zero, is within 
the limits of precision set for the survey — in other words, if 
only small errors and no large mistakes exist — then it is cus¬ 
tomary to adjust these small errors (called balancing the survey¬ 
or traverse) by slightly changing the latitudes and departures 
so that their algebraic sums will exactly equal zero. The small 
angular errors are adjusted to give a perfect angular closure 1 ^ 
before the latitudes and departures are computed. 

It may be that the length of a particular side or sides is 
suspected of containing most of the error because of difficulty 
encountered in field measurement. In this case it would be 
justifiable to change the latitude, the departure, or both for 
this side or sides with a view to making the algebraic sums of 
the latitudes and departures zero. 

Since taped distances are usually recorded slightly longer 
than their true length, as described on page 29, some engineers 
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prefer to leave the columns of latitudes and departures which 
total the lesser amounts, without correction, and to apply all of 
the correction to the columns of latitudes and departures which 
total t he greater amounts. It may rarely occur that the recorded 
lengths are thought to be too short, in which case the latitude 5 * 
and departures whose sums an' too large are left uncorrected, 
and those which total less than a closing value are increased 
by the full amount of the error. 

Such balancing as suggested above is made on a field-conditions 
basis, throwing the error where judgment dictates. Frequently, 
however, the computer has no idea where the error should be 
placed and in many cases it is logical to assume that the distance 
errors an* greater than the angular errors, particularly where 
the 1 angles are measured with a transit and checked, as has 
been suggested above. The customary procedure under such 
an assumption, known as the transit rule, is to proportion the 
total error in latitude 1 over all of the latitudes in accordance 
with the lengths of the respective latitudes, and to make a 
similar adjustment in the case of the departures, as shown in 
the fedlejwing tabulation. 

If the error is due as much to angular errors as to distance 
errors, as might be the case in a compass traverse, it is some¬ 
what better to make the corrections in proportion to the lengths 
of the sides by the compass rule, as in the following tabulation. 

Since the assumptions for either the transit rule or for the 
compass rule are neither exact nor, in many cases, even approxi¬ 
mately correct, it is sufficient to make these proportional cor¬ 
rections roughly by inspection. 

A comparison of adjustments by these rules follows. 


Lxnjb 

La in ode \djustment hy 

Depariuhe Adjustment by 

Compass 

Huh* 

Transit 

Huh* 

Compass 

Huh* 

Transit 

Rule 



mm 

+ 1.4 

+ 1.6 




-1.0 




mm 

-0.2 




BsH 

-0.8 

-0.8 



■ 

+0.5 


Total adjustments 

3.1 

3.1 

3.9 

3.9 
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It is interesting to note that if a line runs north and south, 
it will have no departure adjustment, and if it runs east and 
west, it will have no latitude adjustment, provided the transit 
rule is used. 

When the foregoing transit rule adjustments are applied to 
the tabulation of page 294, the adjusted latitudes and departures 
iro a*' follows 



VDJiisrLi) (1 kanhii Rule) 

Line 

1 atitudf s 

D< puitun s 


Noith 

South 

Lust 

W * st 

1 2 


511 4 

1300 4 


2 3 


543 0 


792 9 

3 4 

204 2 



131 6 

\ 5 

440 6 



686 2 

5-1 

409 6 


310 3 



1054 4 

1054 1 

1610 7 

1010 7 


More eomplieatcd and theoretically more nearly correct 
methods of making these corrections for transit surveys have 
been derned from the theory of least squares, but they are 
seldom used 

It will be noted that the adjustment of the latitudes and 
departures will slightly alter the length and bearing of the 
oiigmal sides of the traxerse This alteration is sometimes 
computed and made, as foi example in a motes and bounds 
siirxey of property. Where the latitudes and departures are 
computed only to determine the closure of the survey, to find 
the area, or to compute coordinates of survey points, it is not 
necessary to make this somewhat tedious computation. 

It must be borne in mind that only small errors, within the 
range of precision specified for the survey, are adjusted in the 
ways indicated above; frequently some rousrh combination of 
them is used rather than an exact mathematical application of 
any one method. This adjustment precedes the computation 
of areas or coordinates. Larger errors or mistakes require a re- 
"Ur\ ey in the field. 

It must also be realized that the error of closure shows only 
the accidental errors and the mistakes. If cumulative errors 
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exist, such as result from the tape’s being too long, then the 
.error of closure as computed may be little or nothing, but each 
line will be recorded as less than its true length. In other words, 
the computed traverse has a true shape but is smaller than it 
should be. 

247. Coordinates. The use of coordinates in surveying com¬ 
putations has bet'll widely adopted during the last thirty years 
and is now standard practice for much survey work. It was 


N 



first generally used in mining surveys, perhaps the most com¬ 
plicated and difficult class of engineering surveys. 

The origin of coordinates is generally selected so as to throw 
the entire survey into one quadrant, usually the northeast 
quadrant, and thus to avoid negative coordinates. Occasionally 
the origin is a definite monument on the ground, but more 
frequently it is only an imaginary point, as in Fig. 247. 

In Fig. 247 the coordinate of point 5 is assumed as E 0.0, 
in which case the axis passes north and south through 5. 
Similarly, the coordinate of point 3 is assumed as N 0.0 and 
the axis passes east and west through that point. All coor¬ 
dinates are positive, or +. Or, these coordinates might have 
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i 247] 

been assumed as N 1000.0 and E 1000.0, in which case both 
axes would be 1000 feet removed and the entire figure would 
again have positive or + coordinates. 

After the latitudes and departures are computed and ad¬ 
justed (pages 291 to 298), the coordinates may be computed by 
addition and subtraction. In a closed traverse, the computation 
of coordinates is checked as shown. 



East 

North 

Pt. Coordinates 

Pt. Coordinates 

5 _ Q o <_ 

3 — 0,0 < _ 

+ 310.3 

+ 204 2 

1 - 310.3 

4 = 204.2 

+ 1300.4 

+ 440.6_ 

2 = 1610.7 j 

a 5 = 644.8 

^792 9_ 

g + 409.6 

3 = 817.8 ' 

^ 1 = 1054.4 

- 131.6 

- 511.4 

4 - 686.2 

2 * 543.0 

- 686.2 

- 543.0 

5 - 0.0 <——1 

i 

o 

o 

II 

eo 


Coordinates are used in plotting (page 288), in calculating 
areas, and in many special computations where they require 
the applications of trigonometry, analytic geometry, and de¬ 
scriptive geometry. Their increasing use in recent years will 
doubtless continue. 
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248. Area by Coordinates. With known coordinates num¬ 
bered consecutively around Fig. 248 the area of the figure is 

(248) (trapezoid yi, 1, 2, j/ 2 ) + (trapezoid j/ 2 , 2, 3, 0) 

— (trapezoid 0, 3, 4, y t ) — (triangle y 4 , 4, 5; 

— (triangle 5, 1, y x ) 

N 



Fig. 248. Area by Coordinates. 


This may ho reduced to the conventional determinate form as 
derived in analytic geometry 


(248a) 


Area = 1/2 


(Xl\ /*£ ' /**\ /*4\ 



Here t^e coordinates connected by solid lines are multiplied 
together; those connected by dashed lines are multiplied to¬ 
gether; the solid line products are added together and the 
dashed line products are added together. Then one-half of the 
difference of these sums represents the area. 

A second, and perhaps preferable method, derived from 
formula 248a, is 


(248b) Area = \/2[yi(x* - x 5 ) + yi(xi - xj + 2 / 3(34 - 3?) 

+ y*(xb — Xu) + 2 /&(a; 1 — 34)] 


which may be stated as the rule: Multiply each y by the dif¬ 
ference between the following and preceding x values (being careful 
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to use the correct algebraic sign for this difference), and take half 
of the algebraic, sum of the products. Applying this rule to the 
tabulation of § 247, wc obtain the area as follows. 


1 Point 

North 

Ear i 

DltfrERKNl E 

in Adjacent 

Doubli 

Areas 




j- Values 

+ 

- 

r 

i 1 

1,054.4 

310.3 

+ 1,610.7 

1,698,322 


2 

543.0 

1,610.7 

+ 507.5 

275,572 


I 3 

0.0 

817.8 

- 924.5 


0 

1 4 

204.2 

686.2 

- 817.8 


166,995 

5 

i 

644.8 

0.0 

- 375.9 


242,380 


7 X2,259 = 1796 apres Sum = 0.0 1,973,894 409,375 

43,560 ‘ - 409,375 

2 )1,564,519 

782,259 square feet 

249. Area by Double Meridian Distances. Referring to 
Fig. 249, we pass a meridian through the most westerly point 
of the figure. The distance from the meridian to the center of 


N 



Fiq. 249. Meridian Distances. 

each side is the Meridian Distance (M.D.) of that side. For 
convenience in computation, double the M.D. or the D.M.D. 
(Double Meridian Distance) is used. D.M.Ds. are computed 
*tnd checked as follows, the adjusted departures of Fig. 249a 
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being used. It is to be noted that this method of computing 
D.M.Ds. gives a complete and inclusive check by starting on the 
meridian and returning to it. 

In Figs. 249 and 249a, 5 is the most westerly point and: 

1. The D.M.D. of the first line, 5-1, is the departure (310.3) of 
that line. 

2. The D.M.D. of any other line is equal to the D.M.D. of the 
preceding line plus the departure of the preceding line plus the 
departure of the line itself. 

Examples: For line 1-2: 310.3 +- 310.3 + 1300.4 = 1921.0 
For line 2-3: 1921.0 + 1300.4 - 792.9 = 2428.5 

3. The D.M.D. of the last line is equal to the departure of that 
line, but of opposite sign. 

Example: For line 4-5: 1504.0 - 131.6 - 686.2 = 686.2 

As is seen in Fig. 249, the double net area 1, 2, 3, 4, 5 is 
composed of the double trapezoidal area 1', 1, 2, 2' plus the 
double trapezoidal area 2', 2, 3, 3' minus the shaded double 
trapezoidal area 4', 4, 3, 3' minus the shaded double triangular 
areas 5, 4, 4' and 1', 1, 5. Each of the double trapezoidal or 
triangular areas is the product of the latitude of the line multi¬ 
plied by its D.M.D. 

The numerical example in Fig. 249a shows the computation 
of the area of Figs. 245a or 249. D.M.Ds. are computed as 
shown above. It is not necessary to identify the triangles and 
trapezoids of Fig. 249 if care is taken to enter the products of the 
south latitudes and accompanying D.M.Ds. in the South Double 
Area columns, and similarly to enter the products of the north 
latitudes and the accompanying D.M.Ds. in the North Double 
Area columns. The true area is half of the difference between 
the North Double Area sum and the South Double Area sum. 

250. Comparison of Methods of Computing Areas. The 

D.M.D. method of computing areas is best, provided the 
traverse can be run along the property lines. 

In the great majority of cases, and especially if it has been 
necessary to compute the coordinates for some purpose other 
than area, it is usually simpler to compute the area by coordi¬ 
nates rather than by D.M.Ds. 

While the D.M.D. procedure has been the traditional one 



Unadjusted \ Adjusted (TransitRule) 
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Fig 249a Area by D M Ds 
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for computing areas, it is used decreasingly at present. Except 
for the first use mentioned above, it should be largely abandoned 
in favor of the more generally useful coordinate method. 

251. Checking and Plotting by Coordinates. 

Checking. Cutoff lines and/or tie lines permit checking oi 
the work by using closed traverses. These cutoff lines are 
usually run at any convenient point during the original survey, 
or occasionally they may be run after errors have developed. 

They facilitate the location 
and correction of errors and 
reduce the work accordingly. 
Figure 251 shows how such 
cutoff lines or tie lines may 
be used in checking line or 
closed traverses. 

Plotting. In plotting sur¬ 
vey points, whether from 
traverse or triangulation, 
coordinates give the most 
precise results. 

A short traverse or tri¬ 
angulation system may be 
plotted by laying off the 
angles and distances in much 
the same way as the measurements are taken in the field. In 
longer traverses the objections to this method are that errors are 
carried through subsequent plotting and may tend to accumulate. 
As a further objection, the points are less accurately plotted. 

Ten-inch squares are usually laid out on the paper (Fig. 240a). 
The 12" engineers’ scale will then straddle two lines, and the 
amount of shrinkage or expansion of the drawing will be noted. 
Scaled distances may thus be corrected and new points plotted 
in true proportionate position. 

A map a yard square on detail paper will shrink or expand 
as much as 1/2 inch under extremes of humidity and tempera¬ 
ture. If traced on cloth and blue-printed under conditions 
tending to accumulate error, the final print may be nearly 
1 inch larger or smaller, usually smaller, than is indicated by 



Fig. 251. Checking Traverses. 
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the scale. Such a change is immediately apparent and may be 
allowed for by proportion when a scale is laid across the 10-inch 
coordinate lines. 

As explained on page 209, it is necessary that maps be more 
accurately prepared and scaled than is the case with most 
engineering drawings. 



252. Missing Measurements. Where only two parts of a 
closed traverse are missing, either distance or bearing of a line 
being considered as a part, the missing parts may be computed. 
In this case there is no inclusive check on the* field and office 
work. If a check is desired, 
there can be not more than 
one missing part of the closed 
traverse and it is preferable 
that no parts be missing. 

Several cases fo ] low. 

(1) One side (DA) missing, 
both in bearing and m distance 
(Fig. 252). The latitude and 
tI k* departure of DA may bo 
computed by addition and 

subtraction, since it is known that the summation of all lati¬ 
tude's (for any closed traverse) equals zero, and that the* sum¬ 
mation of departures also equals zero. In the right triangle 
of the figure, the bearing and length of DA may be computed 
Irom the latitude' and departure of this line, by using logarithms 

and by checking the length by both 
divisions. 

Bearing of DA = tan- 

latitude 

Length of DA =4^ tur -°- 
sin bearing 

_ latitude_ 

cos bearing 

(2) In the adjacent sides BC and 
CD of Fig. 252a there may be missing 
one bearing and one length , two bearings , or two lc?igths. A 
('losing line BD between termini of completely known sides 
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may be computed as in (1). There are then sufficient data 
known to solve the triangle BCD. In some cases two solutions 

(BC and BC') are possible. In that 
case the general shape of the figure 
must be known. 

(3) In the non-adjacent fades BC 
and DE of Fig. 2.12b, there may he 
missing one hearing and one length, 
two hearings , or two lengths. A con¬ 
tinuous traverse of fully known 
lines is obtained by shifting CD to 
BD' (parallel and equal in length) 
and computing the closing line D'E 
as in (1). BC is shifted to DD r 
(parallel and equal in length). 
Sufficient data are then known to solve the triangle DED f by 
trigonometric relationships. Here also two solutions are possible 
and the general shape of the figure must be known in order to 
choose the proper one. 

(4) Other cases. These are solved by similar methods, or 
more laboriously by simultaneous equations of the forms 

AB cos bearing + BC cos bearing . . . + YA cos bearing = 0, 
AB sin bearing + BC sin bearing . . . + YA sin bearing = 0. 

253. Off-Line Traverses. It is seldom that a survey follows 
the exact property lines because these lines are usually occupied 
by buildings, fences, or hedges which necessitate making the 
field traverse adjacent to, rather than along, the property lines. 
In such cases it is necessary to measure the angle and distance 
of side shots from the traverse point to the property corner, as 
show n in Fig. 253. Figure 253a show s the complete computation 
of the lengths and bearings of the property lines in such a case. 
The survey and computation are much simplified if part or all 
of the survey can be made along the property lines. 

254. Coordinates Available. Most thorough surveys are 
coordinated and consequently there is available a mass of 
coordinate data from the United States Coast and Geodetic 
Survey, the United States Geological Survey, state, city, and 
county engineers, and from some private eoriiorations such as 



Fig. 252b. 



Fin. 253. Traverse Adjacen'1 to Property Lines. 


the railways. It is desirable 4 to connect the coordinates of any 
imi>ortant surveys with those already available, preferably the 
North American Datum, information regarding which may be 
secured from the two Surveys just mentioned, or as is further 
explained on page 181. 

PROBLEMS 


1. (a) Fill out this table and obtain the area in acres. The values are in 
feet. The answer to 1 (a) is in italics. 


Course 

Latitude 

Departure 

D.M.D. 

Double Areas 

N. Products 

8. Products 

AH 

N 300 

K 1200 

1200 

360,000 


RC | 

S 200 

K 400 

2600 


580,000 

CD 

S 200 

W 200 

8000 


600,000 

DA 

N 100 

ir 1400 

1400 

140,000 



f'JWX) 500,000 1,160,000 

^m =7MAeres soofloo 


g)mo,ooo 

880,000 

sq.ft. 
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(b) The same except AB, N 200, E 300; BC, S 300, E 100; CD, S 200, 

W 300 : 1 )A, N 9 , W?. 

The same except AB, N 700, W 100; BC, N 200, E 800; CD, S 900, 
I 300: DA, X?, W?. 

2. Pass axes through the south and west points of the traverse and 
compute the area of the figure in Problem 1, using coordinates and the 
tabulation of page 301. 


Point 

North 

Eahi 

Dll ► LHEN( k. 

IN 4DJAIKNI 

Ark a 

V 


X \ AM l.H 

\ 

- 

A 

100 

0 

- 200 


20,000 

n 

400 

U00 

-b 1600 

6 $0,000 


r 

200 

1600 

+ 200 

40,000 


l) 

0 

im 

-1600 

0 



3i0m) ry r0 A 

— = 7.58 Acres 
WfihO 


Su,n = 0 680,000 20,000 

- 20,000 
2)660,000 
280,000 square feet 


3 . (a) Two mine shafts at A and D are connected by a surface traverse: 

AB is S 12° 14' E for a distance of 1291.3 feet, BC N 83° 12' K, 1317.4 feet, 
CD S 89° 41' E, 1819.8 feet. What are the bearing and length of a tunnel 
to connect these two shafts? Ans. 8 71 L 50' E. 3579.9 feet 

(b) The same except AB, S 13 c 43' E, 721.5 feet; BC, N 74° 18' E, 
2432 6 feet; CD, N 32° 19' E, 417.6 feet. 

(c) The same except AB, N 18° 14' W, 121.7 feet; BC, S 81° 19' W, 
2046.4 feet; CD, S 39° 17' W, 427.6 feet. 

4. (a) In the following closed deflection angle traverse, calculate the 
bearings and compute the latitudes and departures. What is the linear 
error of closure in feet; also, what is the error when expiessed as a vulgar 
fraction? The bearing of AB is S 10° 32' E. 


Link 

Dim i ante 

1 EBT 

Bearings 

Dei lection 
Angle 

Point 

AB 

227 2 

S 10° 32'E 

0° 43' R 

A 

BC 

226.6 


95° 28' L 

B 

CD 

483.0 


1 ° 27' L 

C 

DE 

1013.0 


127° 47' L 

D 

EA 

573.3 


136° 05' L 

E 


(b) Balance the latitudes and departures in (a) by the compass rule. 

(c) The same as (b) but use the transit rule. 
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(d) Compute the area from (c) by the D.M.D. method. 

(e) Calculate the coordinates from (r) and compute the area by co¬ 
ordinates. 

(f) How can the transitman check the angles in a closed deflection 
angle traverse before leaving the field? Give all of the methods that you 
can think of. 

5. (a) Given the following closed traverse, compute the length and bear¬ 
ing of the closing side. 

(b) Compute the area by D.M.Ds. 

(c) Compute the area by coordinates. 


Lins 

Bearing 

Distance 

Feet 

AB 

N 1°10'W 

751.0 

BC 


392.0 

CD 


561.3 

DA 

? 

? 


6. (a) Compute the missing measurements in the following traverse. 


Line 

Bearing 

Distance 

Feet 

AB 

S 14°28'E 

296.8 

BC 

S 87° 51'K 

? 

CD 


472.5 

DA 

S 77° 15' W 

? 


(b) Compute the area by D.M.Ds. 

(c) Compute the area by coordinates. 

7. (a) Compute the missing measurements in the following traverse. 

(b) Compute the area by D.M.Ds. 

(c) Compute the area by coordinates. 


Line 

Bearing 

Distance 

Feet 


N 50° 32' W 

748.9 


S 36° 10' W 

? 


? 

750.0 


N 41° 00' E 

624.7 


8 . Can a check be made where one measurement of angle or distance 
is missing? If so, how? 
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9. A survey traverse along the surface and underground is recorded in 
i in* following notes and shown on Fig. 254. 



I'OINI 

Hok Angle 

Distance 

\kkt 

Angle 

H l*r 
Sighted 

H.I. 

Deck kiftion 

()(<<! 

Sighted 

Vern A 

Vern B 

On 

Slope 

Hoi 

x 

Due 

0° 00' 

179° 58' 





+5.21 

E. edge of 


south 








shaft, on 










sui face. 


2 

135° 23' 

315° 24' 

215.53 


- 9° 45' 

0.0 


On surface. 

2 

1 

0° IK)' 

179° 59' 





+5 03 



3 

118° 03' 

298° 00' 

201 92 


-23° 32' 

0.0 


On surface. 

3 

2 

0° 00' 

179° 58' 





+5.12 



4 

30° 58' 

216° 58' 

128 27 


- 2° 18' 

+4 17 


In roof. 

4 

3 

0° 00' 

179° 59' 





-8.73 



5 

162° 15' 

342° 16' 

108 04 


0° 00' 

+2.84 


In roof. 


Find the bearing and the horizontal length of a line connecting points 5 
>‘d la (la being directly under 1) so that the heading at 5 may be con- 
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nected with the shaft at la. Having given the elevation of point 1 as 
200.CX) feet and the elevation of point la as 81.43 feet, find the difference m 
elevation of the points 5 and la. Note in the foregoing tabulation that all 
horizontal angles are turned clockwise from the backsight, that eccentricity 
exists in the transit, and that the horizontal distances must be computed 
from the slope distances by using the trigonometric functions of the vertical 
angles. The II.I. is plus if the transit is above the stake. The H. Pt. 
sighted is plus when the stake is above the end of the line of sight, as at 
points 4 and 5. II. Pt. signifies ihc height between the point sighted at, 
and the survey monument. 



CHAPTER XVIII 


ORGANIZATION OF SURVEYS 

255. Planning the Survey. Surveys are a comparatively inex¬ 
pensive part of the cost of engineering projects — on the order 
of lrom 1 per cent to 3 per cent of the construction cost. Mis¬ 
takes in the surveys or inefficient surveys may cost many times 
this amount, in some cases sufficient to throw the company 
mto a receivership. It therefore does not pay to slight the 
surveys at the expense of increased construction cost or finan¬ 
cial hazard. Speed in surveys is frequently more essential 
than low cost, since completion of the project is, of course, 
held up pending surveys, and large overhead expense accrues. 
In general, carefully planned speed tends to give low costs, but 
hasty, ill-planned surveys are usually expensive. 

Neither speed nor low cost should be sought at the expense of 
the necessary quality and precision of the survey. If we as¬ 
sume that these necessary qualities are attained, low cost, 
and especially speed, will tend to establish a good reputation 
for the engineer; in fact this has been the basis of many success- 
iul careers. They are to be obtained by: 

(1) Establishing the character of information desired and 
♦he limits of required precision; 

(2) Organizing to meet these requirements with a minimum 
of time and cost. Under modern conditions, it is not advisable 
to overwork the men for long hours. Careful preplanning of 
the survey methods is the better way. 

The more survey parties employed, the greater the speed but 
Usually with higher cost, since each party must be broken in 
dong the lines necessary for that particular survey. Frequently 
this increased cost is justified by the loss which the corporation 
" ( >uld incur through delay. On the other hand, it is somewhat 
difficult to correlate and check the work of a large number of 
1 fistily organized parties. Serious difficulties and errors have 
'••curred in the past from this source. 
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Perhaps the greatest waste in time and expense required in 
making surveys results from laek of careful and competent 
determination of requirements and methods before the survey 
starts. It is not uncommon that surveys are made over and 
over again with increasing precision and adaptability to re¬ 
quirements, but with corresponding loss of time and money. 
Frequently time and money are wasted in securing much more 
precise results than is necessary. 

Another source of waste is to allow the ordinary surveyor 
to attempt a more complicated or precise survey than those for 
which he is qualified, such, for example, as triangulation and 
plane table surveys. Competent men who specialize in such 
work may often be secured from the Federal Government. 
Aerial surveys are another such specialty, but it is customary 
to contract for such work with qualified private companies. 

256. Simple Surveys. No particular organization is here 
necessary since ordinarily only one or two parties are employed 
and they are easily managed. Frequently only one trained 
engineer or surveyor is used and he is assisted by college stu¬ 
dents, active laborers, or young men of no special training. 
The engineer making the survey frequently makes his own 
maps and computations from it. It is usually possible to esti¬ 
mate the time required. This time multiplied by the daily, 
weekly, or monthly expense of the party and of the office and 
overhead expense', gives the total cost. 

257. Extensive Surveys. It is difficult or impossible to esti¬ 
mate exactly what a survey will cost or exactly what organi¬ 
zation and method will work best unless conditions are iden¬ 
tical with some previous experience. It is frequently necessary 
to consider or actually to try out through the earlier stages 
of the survey, perhaps two of several organizations and methods, 
and then to pick the better one. The best thought must be 
given to this matter both before the survey is started and during 
its early progress. With these qualifying remarks, an attempt 
will be made to point out some general principles and facts 
regarding costs and organization. 

The first steps in a survey are to learn definitely its purpose, 
how quickly it must or should be completed, what maximum 



$ 2.W] 


ORGANIZATION 


315 


error* may be permitted, and what precision is desired. The 
engineer in charge of t>he surveys should be experienced in, and 
thoroughly familiar with, the technical, economic, administra¬ 
tive, and commercial requirements so that his work may con- 
lorm to them. Books and periodicals giving these viewpoints 
lor .specific kinds of engineering construction are available in 
technical libraries and frequently in the libraries of the cor¬ 
poration. The periodical indexes should be consulted to secure 
periodical references covering the latest practices. A few hours 
.spent in such reading will give viewpoints which cannot be 
readily acquired in the field except by long experience. It 
is this viewpoint which distinguishes the professional or ad¬ 
ministrate e engineer from the vocational surveyor. Consul¬ 
tation with officers of the company or with other experienced 
men is desirable. All maps and data available in the territory 
under consideration must be found and us(»d where helpful. 

It is difficult properly to emphasize the necessity of this pre¬ 
liminary study , particularly where the survey to be undertaken 
covers unfamiliar or progressive types of projects. It is fre¬ 
quently helpful to make tentative specifications and progress 
.schedule's for the field and office work. 

258. Organization. Two general methods of organization arc 
possible. 

(1) The quick thinking and quick acting engineer connected 
with a similar type of private corporation is inclined to put 
a small survey party or parties into the field immediately. 
During their early work and from observation of their results 
and activities, he crystallizes his plans for the entire survey 
and expands this nucleus to full size. This procedure some¬ 
times involves some lost work in the earlier stages, but because 
of the advantage that can be taken of actual field conditions 
on the project, it is apt to develop surveys which are satis¬ 
factory and rapid. The engineer in charge must be a man who 
f an and will adopt changes quickly, and who is willing to assume 
much responsibility. 

(2) The slower and more conservative engineer connected 
dth a similar type of corporation, including most govern¬ 
mental divisions, who is not inclined quickly to adopt innova- 
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tions or changes, is apt, after careful and long pre-planning, to 
put a fairly large organization into the field and to proceed 
with few changes. The more nearly the work in hand is simi¬ 
lar to work previously executed by the engineer in charge, the 
better this procedure. It is less apt to involve any work or 
methods which must be abandoned, but it is quite possible* 
that the methods adopted from previous experience will not 
work so well here. In general it tends to make the surveys 
slower, surer, and more expensive. Of course, it best fits persons 
and organizations accustomed to routine procedures. 

259. Factors Affecting Costs. Surveys made during the sum¬ 
mer months, when brush and trees are in full leaf and when 
crops, such as corn, are high enougli to interfere with the view 
(necessitating axes, machetes, brush hooks, saws, and pruning 
shears), will be more expensive than those made during the early 
spring, winter, or late fall, when less clearing is necessary. 
Severe winter weather increases the cost of surveys, as does also 
rainy weather. The character of the topography and the amount 
of clearing of course materially affect costs. Wage rates and 
salaries vary considerably. Finally, the competence and morale 
of the survey organization wall influence costs. 

Organization of personnel, and progress to be expected, 
for various “unit” types of survey operation* are given in 
following sections of this chapter. It estimates of costs are to 
be made, current wage rates must be ascertained, and allow¬ 
ance's made for supplies, instruments, and overhead. 

260. Transit-Tape Tiaversing. The minimum party would 
consist of a transit man and two tapemen. This, however, is 
not an economical group as an added stakeman will always 
pay. An automobile is usually needed for transportation. 
From one to six axmon must be added for clearing the line* 
where considerable timber or brush is encountered. For a 
large party it wall frequently be advisable to add a chief of 
party and a notekeeper, particularly if the notes are extensive. 

A typical field party would therefore include one transit man, 
two tapemen, one stakeman, one axman, one automobile and 
chauffeur. 

Using a 100-foot tape in open, rolling, or level country, such 
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a party should average about 3 miles of traverse per day; in 
hidit timber or underbrush about 2 miles; and perhaps half 
a mile in heavy timber or underbrush. If curves must be staked, 
a* in railway and highway location, then this progress will be 
much reduced, being frequently cut in half. 

Using 300-foot or 500-foot tapes, the average progress away 
from towns where traffic interferes with long tapes should be 
50 per cent or more greater than with the 100-foot tape. In 
rough, country, progress is considerably slower, especially if 
the 100-foot tape is used. The longer tapes are particularly 
helpful here. The axman would be omitted in open country, 
hut extra axmen would be needed in timber and underbrush. 

261. Transit-Stadia Traversing. The minimum party con¬ 
sists of an instrumentman and rodman, but for economy it is 
desirable to add another rodman and a notekeeper or recorder, 
with one or more axmen if clearing is necessary. It is rarely 
necessary to use more than one axman, since the stadia method 
is not well adapted to timbered country, as mentioned on page 
171. In fairly open country, the minimum party would com¬ 
prise one transitman, one rodman, one axman, and one auto¬ 
mobile and chauffeur. Such a party should run 4 or 5 miles 
per day in open country whether flat or quite hilly, and consid¬ 
erably less in brush or timber. 

It is not contemplated that any side shots for topography 
will be taken, but approximate elevations of transit stations 
may be carried by vertical angle with little loss of time. 
Yzimuths would be carried to the nearest minute, and forward 
and backward rod intervals and vertical angles would serve 
as a check. 

The transit-stadia method becomes even more rapid if the 
transit is set up only at alternate stations and only needle 
readings are taken for direction, no azimuths being carried on 
the transit plates, as explained on page 237. With the fore¬ 
going party, six to ten miles per day may be accomplished. 
Y considerable advantage in using needle readings only is 
he ease of passing trees or obstacles. It is not necessary to 
'irn angles around the obstacle, but simply to set up the transit 
,r compass beyond the obstacle and to proceed by needle read- 
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ing. Such linos are not very precise, although on long lines 
the errors tend to balance or compensate. Where the instrument 
is set up on every other point no check on the stadia distance* 
or Vertical angle is obtained. 

262. Sketching Board Traversing. A party comprising one 
sketcher, and one automobile and chauffeur should cover ten 
to thirty miles of traverse along roads in one day, including 
a few sketched adjoining contours at perhaps 20-foot intervals. 
This does not give elevations, except perhaps by aneroid barom¬ 
eter. Distances are secured from the automobile speedometer. 
This method is not precise but serves well for reconnoissance, 
and is largely a military usage. 

263. Levels. The level party would comprise one leveiman, 
one rodman, and one automobile and chauffeur. In fairly level 
open country, such a party will run 3 or 4 miles of differential 
levels or 2 or 3 miles of profile levels in a day. As the country 
becomes rougher and timl)ered or brushy, progress will decrease 
- in extreme cases to half a mile per day. 

It should be borne in mind that approximate levels can be 
carried by transit and stadia or by long tapes on the slope in 
connection with traversing at small expense since most of the 
work is necessary for traversing and only a few added data are 
necessary to secure rough elevations. 

264. Area Surveys. It is more difficult to organize or esti¬ 
mate costs of area surveys. The best procedure in estimating 
for extensive areas is first to outline methods and to compute 
the number of miles of traverse and levels to be run, as well as 
the number of triangulation stations to be occupied. These, 
multiplied by the cost per mile and the cost per triangulation 
station occupied, will give the cost of the skeleton or control 
surveys. The organization for filling in detail is covered in the 
next section. 

265. Filling in Details. Transit and stadia or plane table 
may be used with a party comprising one instrumentman, 
one recorder, one draftsman, two rodmen, one axman, and 
one automobile and chauffeur. 
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Such a party will average from 100 to 300 side shots per 
day, more in open easy country and less in difficult brushy 
country. The number of shots required per square mile or 
pci acre will, of course, depend upon the scale of the map, the 
contour interval, the required precision, and the nature of the 
c ountry. In the above figures it is contemplated that the map 
will Ik* penciled in the field as the work progresses. If checked 
elections from levels previously run are available, the con¬ 
tours may be definitely drawn in the field, although this will 
slightly diminish the speed of the party. If no elevations, or 
only stadia elevations are available, the contours are sketched 
lor shape only, and are drawn later in the office after satis¬ 
factory elevations are available. 

If, on large scale stadia-transit maps, the field draftsman 
is omitted and the map is made in the office from transit notes, 
many more points must be taken in the field. While more 
shots are necessary, they can be taken more quickly. The 
perennial discussion of which is the cheaper method is still 
unsettled. If the map is made in the office, it should be taken 
into the field for checking. 

The plane-table method is probably the best, provided the 
weather is suitable and an experienced plane-table man is 
available. 

266. Filling in Details by Rectangles. It is frequently neces¬ 
sary to make an area survey of lands wholly or largely covered 
with timber, in which case the transit-stadia or plane table 
is impractical. The area is divided into rectangles, along the 
sides of which are run rough traverses, usually with compass 
and 300-foot tape, as described on page 205. Elevations are 
taken with the barometer or with the engineers' level. Oc¬ 
casionally elevations are computed as vertical components of 
slope taping, the vertical angles having been measured with a 
clinometer. Such maps are frequently drawn to a small scale. 
s uch as 1" = 1000', and with a wide contour interval, such as 
25 or 50 feet. It is customary to use the section lines if the 
country has been sectionalized and to run the traverses perhaps 
1 '2 or 1/4 mile apart between section lines. The estimated 
costs are obtained from the number of miles of traversing. 
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267. Triangulation Surveys. It is difficult to estimate the 
progress of this type of survey. The topography, weather, 
precision, and so on all affect progress. The following example 
will indicate ordinary engineering (not geodetic) triangulation. 
A party may comprise one instrumentman, one recorder, one 
computer, one flagman, and one automobile and chauffeur. 

Such a party will set and occupy perhaps 2 to 4 triangulation 
points per day. 

268. Costs. Examples of costs on specific surveys under 
modem conditions may be found in current periodicals, located 
through periodical indexes. The figures will vary widely and it 
must be borne in mind that probably only the better organized 
and cheaper surveys are quoted and given publicity. Inefficient 
work may cost several times as much, particularly where the 
surveys must be repeated, or where construction work and/or 
estimates have been based on erroneous surveys. 

PROBLEMS 

1. Outline the survey under these heads: maps available, organization, 
control, filling in detail, administrative reports on progress and costs, and 
mapping for (a) 16,000 acres of gently rolling country about half covered 
with heavy underbrush and light timber. Property lines are fairly well 
established but about half of the section and quarter-section corners are 
missing. Maps are to be on a scale of 1 inch equals 400 feet with a 5-foot 
contour interval, and are to show existing property lines and corners, 
although no search is to be made for corners. The work is to be completed 
with finished maps in six months. 

(b) 5000 acres of hilly country to be surveyed as a reservoir site. It is 
largely covered with light underbrush and heavy timber. The country is 
not sectionalized, and only easily recognized proj>erty lines are to be shown 
on the map, which is to be drawn to a scale of 1 inch equals 1000 feet, with 
a 10-foot contour interval. The maps are to be completed in nine months. 

(c) 20,000 acres of very rough and timbered country. Logging maps 
to a scale of 1 inch equals 1000 feet with a 25-foot contour interval are to bo 
completed in three months. Section linos are to be approximately re¬ 
established; about half of them are available on the ground. 

2. What would Iks the cost of making the property survey of Problem 3 
(page 234), if we assume open rolling country? 

3. The organization may be planned and the costs estimated, for 
various types of surveys. 



ENGINEERING SURVEYS: 


APPLIED 




CHAPTER XIX 


INTRODUCTION TO APPLIED ENGINEERING SURVEYS 

269. Applications. In elementary surveying, the engineer 
learns to use types of surveys which are adequate for simple 
projects and for pioneering development. With the increasing 
complexity of our modern social and industrial order, however, 
more precise results and more elaborate survey procedures are 
frequently demanded of him, and these are described in the 
following chapters. 

From the inception of a modern engineering project to its 
completion and thereafter throughout its operation, surveys 
are needed in order to guide those who are responsible for the 
design and for the efficient management of the enterprise. To 
this end, surveys are made continuously throughout the life of 
the project. They must always be accurate and reliable, and 
frequently demand a degree of accuracy and judgment seldom 
found in the untrained engineer. 

Greater dependence for accurate data and maps is being 
placed increasingly upon the engineer. Ilis knowledge of 
proper methods of procedure and his ability to produce con¬ 
sistently dependable results place him in an advantageous 
professional and consulting position in industry and public 
service. In order to maintain and to increase that advantage, 
the engineer must strive continually for better methods both for 
himself and for his organization. 

In the performance of these professional duties, the engineer 
has a social responsibility of a public or quasi-public nature. 
The results of his work extend far beyond the immediate future 
and involve much more than mere technical performance. 
For example, the design and establishment of a new real estate 
subdivision influence the social and economic development of 
the community. Insufficient street widths create traffic and 
health hazards. Poorly designed lot arrangements and building 
restrictions may result in slums, while proper design on the same 
s ite might yield a highly satisfactory and relatively permanent 
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residential district. Proper boundary surveys also minimize 
legal difficulties. 

Surveying techniques and the nature of the projects for 
which they are used are changing so rapidly that the young 
engineer has many opportunities to develop new procedure's 
which may be more effective than traditional practice. Among 
recent developments might be mentioned those in photo- 
grummet ry which have changed the methods of mapping 
(Chapter XXIV), systems of state plane coordinates (Chapters 
XXV and XXVII), electronic surveying (Chapter XXVI), 
modern city planning practices (Chapter XXVIII), applications 
of legal knowledge in connection with boundary surveys (Chap¬ 
ter XXVII), revival of the use of the solar attachment in 
public land surveys (§ 321), the Simplex Shield for direct solar 
observation (§ 320), and the like. 

270. Instruments. Manufacturers are alert constantly to 
improve their instruments to meet the greater precision de¬ 
manded for both general and specific surveying purposes. 
For example, the thirty-second vernier is now standard equip¬ 
ment on the transit in contrast with the one-minute vernier 
of only a few years ago. 

Although foreign makes of instruments of radically different 
design are quite precise, they are expensive and have rarely been 
accepted by American engineers. It is difficult or impossible to 
have them repaired in this country. Domestic makes of the 
foreign designs are in only occasional use in this country. 

The necessity for careful selection, use, and adjustment of 
improved models cannot be over emphasized. Contact and con¬ 
sultation with manufacturers is frequently desirable, especially 
in such rapidly developing fields as photogrammetry. 

271. Organization of the Survey. Extensive or precise 
surveys must be carefully planned and organized before they 
are undertaken. The first step is to decide the limits of error 
which will be acceptable. It is then possible to select the 
personnel and equipment and to adopt methods of procedure 
which will be most feasible and economical from among the 
various possible alternatives. That this is not an academic 
abstraction is evidenced by the numerous changes and innova- 
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turns that occur on most large survey projects for which early 
planning was inadequate. Planning at the early stages of the 
operation will yield greater returns than at any subsequent time. 

Professional societies are continually attempting to improve 
sin veying and mapping procedures and their publications should 
lie examined. Among these may be mentioned the American 
Congress on Surveying and Mapping, and the Committee of 
Surveying and Mapping Division on Topographical Surveys 
whose Progress Report appears in the Proceedings of the 
American Society of Civil Engineers, Volume 72, Numbers 4, 
S, and 9, for April, October, and November, 1946. 

272. Surveys by Contract. Many extensive or special types 
of surveys, such as photogram me try and high precision surveys, 
require special equipment and special personnel, and it may 
therefore be necessary or desirable to do the work by contract 
under definite survey specifications. These should be drawn 
up by the client’s engineer in consultation with the survey 
contractor. Such specifications usually cover — 

1. Scale of final map 

2. Contour interval 

3. Traverse, triangulation, and elevation closures 

4. Fidelity of topography and detail 

5. Methods to be used in checking 

6. Orientation 

7. Finishing and reproduction of the final map 

8. Special features. 

Survey contracts may be let on a lump-sum, unit-price, or 
cost-plus basis. Adherence to the specifications is determined 
by inspection in the field and in the office. In topographic 
mapping, for example, the check most commonly used is that 
in which a test profile as surveyed on the ground is compared 
with a profile along the same line taken from the contract map. 
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TRIANGULATION * 

273. Fundamentals. Horizontal control over an area by 
moans of triangulation is based upon the mathematical tact 
that if one side and the* three angles of a triangle aie measured 
the* lemaimng two side's can be* calculated If eithei of these 
line's is also a sale* of an adjoining triangle, the measurement 
of the thre'e angle's in the second figure* is sufficient for the 

determination of its remaining 
two side's 
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274. Systems. A chain of 
tiiangles, Fig 274, is the sim¬ 
plest form of triangulation sys¬ 
tem sme*e it mvohes a minimum of angular measurement and 
calculation foi the amount of ami co\eied Although this foim 
is satisfactory in many e ases, obviously it is not the best method 
because it lacks certain checks and opportunities to balance 
small errors which aie certain 
to occui c\en ill the most 
can4ul work 

The* best systc'm is that 
of a chain of quadrilaterals, 

Fig 274a, m which each figure 
is composed of two pairs of 
o\ erlappmg triangles This 
arrangement gives the maximum opportunity for the distribu¬ 
tion of angular enrols; furthermore it provides a double calcu¬ 
lation for the line which is to become the entering side of the 
next figure 

A third system, commonly used in establishing control for 
a city, where the choice of locations for the tnangulation points 
is much more restricted than in open country, is that of a 
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system of polygons or central point figures, Fig. 274b. In 
desirability, this scheme probably lies between the first two, 
but if it is carefully planned it 
can be very acceptable from the 
standpoints of checks and accu- 
ra* y. 

275. Classification and Uses. 

Methods of triangulation arc' clas¬ 
sified according to the precision 
obtained from the field measure¬ 
ments, proper adjustments, and 
calculations. The following ab¬ 
breviated table gives certain of the requirements for the four 
ortltrs of triangulation. 



Dim< Hr PA NCI RFMAJCLN 
4 n* ('OMI'l IM> \ND 
Mlihi BED DmiANt E 

\N<*1 LA 
IN TkI 

A\e 

i 1 KUOfl 
ANCiLL 

Max 

1 * KM MION OK 

IUhl Line 

MEAHliHfcMtNl 

j Fust Order 

1 part in 25,000 

i" 

3" 

1 3(X),000 

j Second Ordei 

1 part in 10,000 

3" 

S" 

1 n 50,000 

Third Older 

1 part m 5,000 

e>" 

12" 

1 75,000 

| Fourth Order 

1 part in 2,500 

12" 

30" 

I 25,000 


First and second orders are used principally to establish 
primary control along national boundaries or nation-wide 
chains to which all lesser units can be tied. 

The third and fourth orders are of ordinary or, in rare in¬ 
stances, of low precision and are uscmI principally to control 
smaller areas for the large* scale detail mapping needed in 
connection with such problems as flood control, water supply, 
power developments, large* bridge's, general topographic map¬ 
ping, and the* like. 

276. Reconnaissance. A careful reconnaissance of the are*a 
to be controlled is of gre*at importance not only from the stanel- 
pe>int of minimizing time and cost but also to insure final 
accuracy. All available* maps should be studied, and this 
should be followed by actual inspe*ction of the area. The recon¬ 
naissance* party should be equipped with pocket compasses, 
binoculars, and an aneroid baromcte*r (sec § 11 Rubey’s Route 
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Surveys) for determining relative elevations of triangulation 
stations. 

The important points to be considered in the selection of 
the triangulation stations are size of figures, accessibility and 
permanence of the stations, intervisibility with a minimum 
of clearing of lines or construction of towers, and selection of 
the best location for the base line. In addition, and probably 
most important from the standpoint of accuracy of results, 
the shapes of the triangles should be taken into consideration 
in order that the strength of figure may be the best obtainable. 

277. Strength of Figure. Since the computed distances are 
obtained by use* of the law of sines, it is essential that small 
angles be avoided wherever possible, since they give the most 
uncertain results. Even with the figure established there is, 
except in the case of a chain of triangles, a choice of equations 
by which the length of an unknown side can be obtained from 
the known side. For example, in a quadrilateral with one side 
known, the opposite side may be calculated in four different 
ways. An investigation of these possible computation routes 
results in the determination of the strength of figure. 



Fic.. 277. Strength of Figure. 


This term is usually stated in equation form as 

R = (5.4 2 + 5 A 8ji + 8 I{ ~) in which 

D = the number of new directions in the figure, i.e., four 
in a triangle, 10 in a quadrilateral, etc. See Fig. 277. 

C ==■ the number of geometric conditions, angle and side, 
in the figure. Its value may be obtained from the 
equation 
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5 277] 

C = 2Z/ — Z/ — 3$ + S' + 4in which 

L = total number of lines in the figure 
IJ = number of lines observed in but one direction 
S = total number of A stations in the figure 
S' — number of A stations unoccupied. 


5.4,5/, = the difference for 1" in the sixth decimal place of 
the log sines of the distance angles A and B. The 
distance angles in any triangle arc* those* opposite 
the known side and the side being computed. Table 
277 gives value's for the term 5 A - + 8 A 5 B + 5/, 2 for 
practically every combination of distance angle's. 


Figure 277a is a representative' 
ejuadrilateral in which the strength 
of figure is to be investigated. 


T = 12-0 - 12+ 0 + 4 = 4 
D - C 10-4 


D 


10 


= 0.6 


The side CD may be calculated 
from the known side AB by four 
different pairs of angles. The 
(5 i 2 + 8 a 8 b + 5a 2 ) values from Table 
277 are' 



Fin. 277a. Strength of 
Fkutkk. 


Route 

1. A B to BD to CD = 

2. AB to AD to CD = 

3. AB to AC to CD = 

4. AB to BC to CD = 


Distance Angles 8 A 2 ~\~8 A 8n 2 2 


35° 

+ 

80° 

8 

+ 

4 

= 12 

100° 

50° 




35° 

+ 

43° 

20 

+ 

12 

= 32 

45° 

52° 




37° 

+ 

85° 

7 

+ 

2 

= 9 

95° 

52° 




37° 

+ 

50° 

18 

+ 

9 

= 27 

48° 


50° 





Multiplying each tabular summation by the factor of the 
figure, 0.6, the relative strengths of figure are* found to be 7.2, 
19.2, 5.4, and 16.2 respectively. The* route giving the smallest 
number is the best for the calculation of the side with which 
the next figure is to begin. This investigation will result in 
eliminating, to a great extent, the errors inherent in the use 
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TABLE 277. VALUES FOR (*„* + S A S B + a B 5 ) IN THE 
CTH DECIMAL OF THE LOG SINES 


° 

H) qI 

12‘ 

14° 

1(5 1 

18 

20 

ir 

2 I°|2fj f ’j28 :> 

30 |35° 

_ _ 

40° 

45° 60° 

i 

55°|00° 

(>5°!70° 

75° 

80° 

85° 

00" 

10 

1 

42Ki:ir>n 







1 







1 

i 







iir 

351) 205 

253 













I 







14 

315 

253 

214 

187 



















1(5 

284 

225 

187 

1(52 

143 



















IK 

202 

204 

1(58 

143 

120 

113 


















20 

215 

180 

153 

130 

113 

100 

01 

















22 

232 

177 

142 

110 

103 

01 

81 

74 
















24 

221 

1(57 

131 

111 

05 

83 

74 

07 

01 















2(5 

213 

100 

120 

104 

8‘1 

77 

(58 

01 

50 

51 














2K 

200 

153 

120 

00 

83 

72 

(53 

57 

51 

47 

43 





1 

| 






1 

.'10 

100 

148 

115 

04 

70 

(58 

50 

53 

48 

43 

40 

33 




1 





:r. 

188 

137 

100 

85 

71 

00 

52 

40 

41 

37 

33 

27 

23 










4(5 

170 

120 

00 

70 

(55 

54 

47 

41 

3(5 

32 

20 

23 

l'l 

10 










45 

172 

124 

03 

74 

(id 

50 

43 

37 

32 

28 

25 

20 

10 

13 

11 



1 





:>o 

1(57 

110 

80 

70 

57 

47 

30 

34 

20 

20 

23 

18 

14 

11 

0 

8 









1(52 

115 

80 

07 

54 

44 

37 

32 

27 

24 

21 

1ft 

12 

10 

8 

7 

5 







(50 

150 

112 

83 

04 

51 

42 

35 

30 

25 

22 

10 

14 

11 

0 

7 

5 

4 

4 






05 

155 

100 

80 

(52 

40 

40 

33 

28 

24 

21 

IS 

13 

10 

7 

(5 

5 

4 

3 

2 





70 

152 

100 

78 

00 

48 

38 

32 

27 

23 

10 

17 

12 

0 

7 

5 

4 

3 

2 

o 

1 




75 

150 

104 

7(5 

58 

40 

37 

30 

25 

21 

18 

10 

11 

8 

0 

4 

3 

2 

2 

1 

1 

1 



KO 

147 

102 

74 

57 

45 

30 

20 

24 

20 

17 

15 

10 

7 

5 

4 

3 

2 

1 

1 

1 

0 

0 


8“> 

145 

KM) 

73 

55 

43 

34 

28 

23 

10 

10 

14 

10 

7 

5 

3 

o 

2 

1 

1 

0 

0 

0 

0 

IK) 

143 

08 

71 

54 

42 

33 

27 

22 

10 

10 

13 

0 

0 

4 

3 

2 

1 

1 

1 

0 

0 

0 

0 

05 

140 

00 

70 

53 

41 

32 

2(5 

22 

18 

15 

13 

0 

0 

4 

3 

2 

. 

1 

0 

0 

0 

0 


KM) 

138 

05 

08 

51 

40 

31 

25 

21 

17 

14 

12 

8 

(5 

4 

3 

2 

1 

1 

0 

0 

0 



l or. 

130 

03 

07 

50 

30 

30 

25 

20 

17 

14 

12 

8 

5 

4 

2 

2 

1 

1 

0 

0 




110 

134 

01 

05 

40 

38 

30 

24 

10 

10 

13 

11 

7 

5 

3 

2 

•> 

1 

1 

1 





115 

132 

80 

(54 

48 

37 

20 

23 

10 

15 

13 

11 

7 

3 

3 

2 

2 

1 

j 






120 

120 

88 

02 

40 

30 

28 

22 

18 

15 

12 

H) 

7 


3 

o 

»> 

1 







125 

127 

8(5 

01 

45 

35 

27 

22 

IS 

14 

1 2 

10 

7 


4 

3 

2 








i:w) 

125 

84 

50 

44 

34 

20 

21 

17 

14 

12 

10 

7 

5 

1 

3 









iu;» 

122 

82 

58 

43 

33 

20 

21 

17 

14 

12 

10 

7 

1 

4 










140 

1 ID 

80 

5(5 

42 

32 

25 

20 

17 

14 

12 

10 

S 

i 0 



i 

i 







14."> 

110 

77 

55 

41 

32 

25 

21 

17 

15 

13 

11 

Di 

| 


j 


1 


, ! 

i:»o 

112 

75 

54 

40 

32 

20 

21 

18 

10 

15 

13 



1 


, 




1 

i:»2 

111 

75 

53 

40 

32 

20 


10 

17 

10 








1 

154 

110 

74 

53 

41 

33 

27 

23 

21 

10 







i 


1 

loti 

108 

74 

54 

42 

34 

28 

25 

22 








! 




158 

107 

74 

54 

43 

35 

30 

27 









1 






1(50 

107 

74 

5(5 

45 

38 

33 








i 


i 






102 

107 

70 

50 

48 

42 










1 

i 

I 

! 




104 

100 

70 

(53 

54 










1 


i i 

1 




100 

113 

80 

71 




1 














168 

122 

08 





j 

| 













170 

143 







1 
















SIGNALS AND TOWERS 


331 


* 279] 

of logarithms of functions. It should be noted that strength 
of figure is concerned with the relative sizes of the angles and 
m independent of the precision 
with which they are measured. 

278. Establishment of Sta¬ 
tions. Triangulation systems of 
nil orders are usually designed 
to establish control over an area 
for many years. It is therefore 
necessary to construct the sta¬ 
tion markers so that they will 

remain in place permanently. ^ _ j"sq 

They should be referenced to 
nearby permanent objects or 
monuments in order that accu¬ 
rate replacement may be made, 
and so that the stations may 
be found and identified. 

Ordinarily, a point on a bar 
or plate of some enduring metal 
cemented into masonry, solid 
rock, or the* top of a pre-cast 
concrete monument will be a 
satisfactory station mark. If 

pre-cast monuments are to be , f , , 

used, they should be of the type “ //j> SQ -~ 

shown in Fig. 278, smallei at Fw - 278 ’ SuRVEY Monument. 

the top than at the bottom and long enough to extend well 
below’ frost line — at least 36". 

The United States Coast and Geodetic Survey specifications 
call for the standard triangulation disk, Fig. 278a, to bo set 
in concrete at the surface of the ground directly over another 
disk several feet below. 

279. Signals and Towers. The stations of a triangulation 
figure must be intervisible for determination of angular values. 
Intervening trees or high ground quite often necessitate the 
erection of signals, platforms, or towers. 

It is frequently possible to sight the telescope at some part of 
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the transit occupying another station, such as the plumb bob 
cord, the vortical axis between a pair of leveling screws, or the 
intersection of the telescope barrel and the horizontal axis. If 
these cannot be seen, a large tripod can be made from 2" by 4" 
lumber with a mast extending upward to a considerable height. 



Fid. 278i‘ Trianc.ulation Stvtion Disk. 

The mast should bo plumbed over the station by means of two 
transits and securely wired in place. The signal tripod should 
be of sufficient size to permit the regular operation of a transit 
beneath it. 

A red neon tube 4 or 5 feet long, Fig. 279, mounted on a 
rod and plumbed over a point, has been found to give excellent 
results in the measuring of angles at night. 

Occasionally, the transit may be elevated to advantage by 
the construction of a sturdy triangular steel or timber platform 
which supports the instrument. The instrument man should 
work on an entirely separate platform which is not in contact 
with the one supporting the instrument. 

For long distance' sights in day time work the heliotrope can 
be used to advantage. The principle of this device is merely 
that of reflecting the sun’s rays from the surface of a mirror 
toward the instrument station. Figure 279a shows one type 
of heliotrope. 


SIGNALS AND TOWERS 



Courtesy of Cleveland Regional Geodetic Survey 

Fig 279 Neon Sight 
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Fkj. 279a. Heliotrope. 


Angular measurements of first or second order usually are 
made at night when atmospheric conditions are best, by sighting 
on a battery-operated light. The lengths of sights are usually 
such as to necessitate the use of high towers to clear intervening 
obstacles and overcome' the curvature' erf the earth. The United 
State's Coast and Geodetic Survey uses the Bilby steel tower 
shown in Fig. 279b. This tower consists of one tripod support 
for the instrument outside of which is another fe>r the observers’ 
platform. It is made in sections so that any height, in multiples 
of about 7 fe'et, can be obtained up to a maximum erf 126 feet. 
The Bilby tower can be erected or dismantl'd by trained crews 
in a surprisingly short time. Its development has added much 
to both safety and speed over the old improvised timber 
tower. 

280. Curvature and Refraction. Although many triangulation 
control systems are not of sufficient size to make necessary the 
consideration of the curvature of the earth, nevertheless this 
rapidly becomes a factor as distances increase. The question of 
intervisibility of stations involves two factors: that of the earth’s 
curvature, and that of refraction in the vertical plane of the 
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Fm. 279b. Bii.by Tower. 
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rays of light from a distant object. The following equations 
and Fig. 280 develop these corrections. 



Fig. 280. Curvature and Refraction. 


(280) 


Curvature ( BD) 

AD = D, the distance between stations 
AB 2 = BD X BE 


BD 


AB 2 

BE 


AB = AD 
BE = 2 72 


approximately, 

approximately, 

approximately. 


Refraction ( BC ) 

Due to the effect of refraction an object apparently at B is 
actually at C. Thus the refraction correction tends to diminish 
the curvature correction BD by the amount BC. 

The angle of refraction = BAC = m X AOB = m X 2 BAD 
in which m is the coefficient of refraction (usually taken as 0.07) 
by which the central angle AOB must be multiplied to obtain 
BAC . 


BC = R.4C 
BD BAD 
BC * 2 m X BD 


approximately, 

approximately. 
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The combined curvature and refraction correction is h = 
HD -BC = 

D 2 O- D' 1 

2R ~ 2 m 2~R = ( ! “ 2 m ' ) ^approximately. 


Stating h in fo(»t and the distance, D, in miles we have 
(280a) h = 0.574 D 2 approximately. 




Example : Tw f o stations are at the water’s edge on opposite 
sides of a lake 10 miles wide, Fig. 280a. (a) If the telescope at 
one station is 6 feet above the water level what is the height of 
a tower at the other station that will be just visible without the 
line of sight approaching nearer than 6 feet to the water? 
(b) What would equal heights of instrument at the two stations 
need be in order to be intervisible ? 


(a) h = 6 + 0.574(10) 2 = 63.4 ft. 

(b) h = 6 + 0.574(5) 2 = 20.4 ft. 
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281. Angle Measurement in Triangulation. The values of 
the angles of a triaiigulation system are obtained either by 
means of a direction instrument or a repeating instrument . 

Th'e direction instrument (Fig. 281) usually is used only on 
work of the highest type such as the first order work of the United 
States Coast and Geodetic Survey. Descriptions of this instru¬ 
ment and of its use may be found in texts on geodesy and in 
publications of the United States Coast and Geodetic Survey. 

The repeating instrument, not shown, is used in triangulation 
work of all orders. It may lx* considered simply to be a very 
high grade* transit. Tin* least count of the verniers may be 
from 1' to 5". For angular readings to less than 5" of arc the 
vernier must be abandoned in favor of the micrometer micro¬ 
scope and a direction instrument must be list'd. 

However, the multiple repetition of an angle and the deter¬ 
mination of its most probable value constitutes the best method 
for the elimination of practically all instrumental and personal 
errors. Such a procedure* will give angular values correct to a 
very small part of the least count of the instrument used. The 
specifications for repeated angles in second order traverse of 
the United States Coast and Geodetic Survey state that the 
average closure of the triangles shall not exceed 3" and the 
maximum shall but seldom exceed 6". 

The transit theodolite used in measuring the angles of a tri¬ 
angulation system should be in the best possible adjustment. 
These adjustments are the same as those* given for the transit 
(see Chapter VII) with the addition of that of the striding level. 
The axis of this level should be parallel to the horizontal axis 
of the instrument. The* test is made by centering the striding 
level bubble* by means of the* leveling screws, then reversing 
it end for e*nd upon the horizontal axis. If an <*rror appears, 
the bubble is brought half way back by adjusting the tube 
itself, the instrument is releveled, and the process repeated 
until the condition is satisfied. 

Use of a properly adjusted striding level gives a much better 
guarantee that the horizontal axis is horizontal than does the 
smaller plate bubble. It can be used also to determine whether 
the vertical axis is truly vertical. 

Many different procedures and forms of notes are used in 



Courtesy of Kruffet and Enter ( o 

Fir, 381 Precise Theodolite 
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determining angular values by repetition.* However, they all 
contain the same three essential points; namely, half of the 
pointings with the telescope direct, D, and half with it reversed, 
R; readings of both A and B verniers; and readings taken 
at places entirely around the horizontal plate. Such procedure 
will assure that existing errors of the horizontal axis, gradu¬ 
ation of plates, eccentricity of centers, or failure of the verniers 
to be 180° apart will be eliminated for the most part. 

The number of repetitions to be made depends upon the 
instrument used and the precision desired. It is common 
practice to regard six or twelve turns of an angle as a set. 
Experience seems to prove that the precision cannot be increased 
indefinitely by continued repetition. This probably is due to 
instrumental errors caused by excessive clamping and unclamf)- 
ing of the motions or personal errors arising from many pointings 
of the telescope. 

The best results in angle measurement are obtained by a 
deliberate and systematic handling of the transit without 
rushing the work or making unnecessary pointings or permit¬ 
ting anything to interrupt its continuity. The instrument should 
be protected from wind and sun by a board or canvas shelter. 


Station York State Hen Jersey Instrument Date Jon 22t940 

Observer J5 Jones County Merce r A, B andC424 Time 9 25 AM 
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Courtesy of American Socitiy of Civil Engineers 

Fig. 281a. Horizontal Angle Notess — Tr\nsit Traverse. 

♦For detailsaco Special Publication No. 145, United States Coast and Geodetic 
Survey , 1929, and Am. Soc. O. E. Manual of Engituenny P-achcc No. 20, 1940. 
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Systematic handling of the transit should include such 
niceties as always turning the instrument in the same direction, 
checking on both verniers at each reading, and pointing by 
means of the positive tangent screw rather than by means of 
the opposing coil spring. 

Figure 281a is a sample note used in triangulation. 

282 . Adjustment of Angles. The most common triangulation 
figure is the quadrilateral with the two diagonals sighted in 
both directions. This figure may be considered as consisting 
of four triangles in each of which 
the three independent angles have 
been measured. 

Figure 282 gives the following 
angle conditions that need to be sat¬ 
isfied by mathematical adjustment. 

Station Adjustment. Angle 1 in 
triangle 1, 2, 3, 4 plus angle 8 in tri¬ 
angle 5, 6, 7, 8 must equal the angle * IQ . 282. Angle Aujuht- 
1 4- 8 as measured in triangle 1,2, 

7, 8. This adjustment is made ordinarily by giving to each 
of angles 1 and 8 one-third of the difference in order to make 
their sum equal angle 1 + 8. to which the other third, with 
opposite sign, has been applied. Similar adjustments are made 
at the other three stations. 

283. Quadrilateral Adjustments. An inspection of Fig. 282 
reveals that the following conditions must be satisfied: 

1 + 2 + 3 + 4 + 5 + 6 + 7 + 8 = 300° 

1 + 2 + 3 + 4 = 180° 

5 + 6 + 7 + 8= 180° 

1 + 2 + 7 + 8 = 180° 

3 + 4 + 5 + 6 = 180° 

The following example shows a way to meet these adjustments. 

This procedure gives probable values for the angles well 
' ithin the limits set for any ordinary control system. If greater 
decision is obtained by use of higher type instruments and more 
laborate field procedure, the adjustments should be made in 
‘•cordance with the mathematical laws of probability. This 
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calls for use of the method of least squares (see § 31) and the 
inclusion of the side equations computation. When control 
points (towers, efcc.) cannot be occupied by the transit, the 
'eduction to center calculation is also necessary. These subjects 
arc discussed in books on geodesy. 

284. Spherical Excess. The foregoing considerations of tri- 
.mgulation figure's are based upon the assumption that all the 
triangles are plane 
triangle's. This is 
true unless the con- 
t ml system contains 
triangles of sufficient 
mzc to necessitate 
inclusion of a correc¬ 
tion for the curva¬ 
ture* e>f the earth. 

This correctiem is di¬ 
rectly proportional 
to the area of the 
earth’s surface con- 
taineelin the triangle 
and is to be added 
to 180° to obtain 
the preiper angular Fig. 284. Tri-rectangular Triangle. 
summation. 

The following equations and Fig. 284 show the principle's 
involved. 

Given: Tri-rcctangular triangle* with area A on sphere of 
radius R. The surface area of the sphere = 4 irR 2 . The spherical 

excess = e - 90° = -• 

2 



£= A 

7r 4 irft^ 
2 "8 
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Stating the area of a triangle an 1/2 ab sin C and dividing 
by arc 1" we find ,, = afesinC 
6 2 /d 2 arc 1" 

It can then be found that for a spherical excess of 1" the 
triangle must have an area of approximately 75 square miles. 
Consequently, spherical excess does not become a factor except 
in very large figures. 

285. Calculation of Sides. When the most probable values of 
the base line and angles are known the calculation of the 
unknown distance is merely an application of the law of sines. 
It should be remembered, however, that usually there is a 
choice of equation which should be made in accordance with 
the rules governing the strength of the figure as given in § 277. 

Figure 285 shows a systematic tabulation using logarithms. 
Natural sines and a calculating machine are preferable, if 
available. 

286. Base Line Measurement. The accuracy with which 
it is possible to determine the lengths of the lines in a control 
system depends equally upon the measurements of the angles 
and of the line selected as the base line. In order to be con¬ 
sistent, and considering all the precautions that are taken in 
the determinations of the angles, great care must be exercised 
in the base line measurement to insure control of the factors 
that cause errors. 

lengths of lines of ordinary surveys can be obtained with a 
precision of the order of 1/2500 to 1/5000 by means of a good 
steel tape and procedure which includes estimating horizontal 
position and using a plumb bob on slopes, increasing the tension 
somewhat to offset the shortening due to sag, and neglecting 
temperature except in extreme cast's. 

However, in the measurement of a base line, the effects of an 
error extend far beyond the line itself into all the calculated 
lengths of the triangulation system. It is necessary, therefore, 
even in work of the lower orders of accuracy, that the base line 
be measured in such a manner as to reduce to a minimum each 
possible error in the triangulation system. 

The tape used must have been standardized (see page 23) in 
order to have a basis from which to make corrections, since the 
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standardization certificate states the length of the tape under 
certain conditions. 

The measurement of the line must be carried forward upon 
supports provided for the purpose such as stakes, as in Fig. 286, 
or upon taping “bucks,” as in Fig. 286a. This is necessary in 
older that the difference in elevation of the ends of each tape 
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Fig. 2Xfia. Precise Mlasukkmem on Typing Rucks. 

span can be obtained for use* in making the slope correction. 
Ii intermediate supports are used, they must be* sot at definite 
positions in the span and on a straight line between the end 
supports. This can be done by making the intermediate support 
a nail driven horizontally into the side* of a stake sot just off the 
line. If the support were at the 1 mid-point of the total span the 
nail should be driven at the mean of the end elevations. When 
taping bucks are used there usually arc* no intermediate supports 
and the leveling is carried along as the measuring progresses. 

If stake 1 supports are used, they should b'* covered with copper, 
tin, or zinc strips upon which the forward end of each tape 
length can be marked with a knife point or sharp awl. This 
corresponds to the sotting of the 1 taping pins in ordinary work 
and gives a fine line upon wiiich to hold the rear mark of the 
tape 1 fe>r the next span. After marking, the tension should be 
released and then applied a second time or until two measure¬ 
ments result in the same mark. 
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The forward end of the tape* may occasionally miss the stak( 
top, in which case a “ set-forward” or a “set-back” will be 
necessary. This can be taken with a machinist’s scale with great 

accuracy. The distance will 
always be very short and no 
corrections will be needed. 

Certain makes of taping 
bucks, Fig 286b, have a 
line etched upon a movable 
plate which is adjusted into 
position at the head end of 
the tape, thus eliminating 
the scratching of a new line 
for each span. 

Measuring must be done 
with the tape under a uni¬ 
form tension. This tension 
may vary from 10 to 40 
pounds depending upon the 
kind of tape being used, its 
length, and the method of 
support. The usual method 
of measuring the tension is by means of a spring balance attached 
to the head end of the tape, Fig 286c. A balance with a large 
dial will give finer readings and will be much more easily seen 
by the man who applies the tension than will the common type 
of spring balance. 

The temperature of the tape during the measurement is 
obtained by attaching a small specially designed thermometer 
near each end. These are read and the reading recorded for each 
span; the mean is used in making the temperature correction. 

The correction for temperature probably is the least certain 
of all the corrections made m the reduction of the observed 
length of base line. This results from various causes: one por¬ 
tion of the tape may be in shade with the remainder in the sun; 
the tape may not adjust itself to a rapid change in tempera¬ 
ture at the same rate as does a thermometer; and at best the 
attached thermometer reads only the temperature of the air 
near the tape, not the temperature of the tape itself. 
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The uncertainties of the temperature corrections make the 
use of an invar tape* very desirable. Since this nickel-steel alloy 
has a coefficient of thermal expansion approximately 1/25 that 
of tape* ste*e*l (0.00000028 foot per foot pe*r 1° Fahrenheit a** 
compaml with 0.00000G45), it is obvious that errors in obtain¬ 
ing the temperature of an invar tape would give an actual e*rre)»- 
in the* correction but 4 per cent of the amount resulting fremi the* 
use* of a stee'l tape*. 

A constant temperature is highly desirable fe>r base line meas¬ 
uring. H(*ne*e* it is good prae*tiee to do this work e>n cloudy days 
or at night. Times at which wind of appreciable velocity is 
blenving should be* avoided. 

Since* the sle>pe anel temperature pre>bably will be different fe>r 
e*ae*h span, it is we'll to consider each span as a separate line for 
which all e*orre*ctions are* to be made. The length of the* base 
line* will be* the* summation erf the corrected horizontal distances. 


287. Correction for Slope. The* sle>pe in base* line* measure* 
usually is give*n as the* diffe*re*nce in e*le*vation erf the enels erf the* 
tape rather than by means of the sle>pe angle*. In Fig. 287, if 
V is the eliffe*re*nce in elevation erf the ends erf a span S, the* cor- 
re*ctie>n fe>r slope* 


C h « S - h * S - VS* - V* 




However, 



whence 


Except in rare instances of ve*ry stec*p slopes, the first te*rm 

I ’ 2 

will give re'sults of sufficient accurae*y. 

2 
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S 2S9I CORRECTION FOR TENSION OR PULL 

288. Correction for Temperature. The correction for tern- 
IhT ilturc for any span is directly proportional to the length oi 
tlu* span, the difference between the standardization tempera- 
lure and that of the measurement, and the coefficient of thermal 
expansion of the tape. 

The coefficient of expansion k for steel tape's is commonly 
taken its 0.00000645 and for invar tape's 0.00000028 foot per 
loot per 1° Fahrenheit. 

Thus the temperature' correction 

(288) C t (in ch'cimals of a foot) = Lk(t — t a ) 

in which L is the length of the span in feed, t the temperature of 
the tape, and t a the temperature of standardization. 

289. Correction for Tension or Pull. The correction for ten¬ 
sion is the deformation caused by a tension differing from that 
used during the standardization. It is directly proportional to 
die length of the span and the change in tension and inversely 
proportional to the cross-sectional area and the modulus of 
elasticity. 

(289) C p (in decimals of a foot) = — ^ 

EA 

m which L is the span length in feet, j) is the tension in pounds 
used in the measurement, p a is the standardization tension in 
pounds, E is the modulus of elasticity in pounds per square 
inch, and .1 is the cross-sectional area in square inches. 

The modulus of elasticity for steel tapes is usually taken as 
28,000,000 and for invar tape's 23,000,000 pounds per square 
inch.* 

Since the crass-sectional area A is difficult to measure directly, 
it can be expressed as a function of the weight of the tape (see 
$ 23). 

The best method, if the necessary equipment is available, for 
letermining the value of the product EA is actually to measure 
die change' in the length of the tape caused by an increase of 
"> jxmnds or more in the tension being applied. The tempera- 


* From National Bureau of Standards. 
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turo should be constant and the tape should be supported 
throughout its entire length. This gives: 

(289a) EA = 

A L 

in which A L is the change in length L when the tension is 
changed from pi pounds to pi pounds. 


290. Correction for Sag. The correction for sag (for any span 
of length l between adjacent supports) is the difference between 
the length of the are of the tape and that of the chord between 
the end supports. The arc is that of a catenary but is usually 
considered as that of a parabola the equation of which is 


x 2 



The length of the arc is 
A - 1 + 


8 v 2 
3 l 


32 v 4 
5 P 


Thus the correction for sag is approximately 


(290) C. = A - l = 


If the tape weighs w pounds per foot, moments about point B 
(Fig. 290) give 




Fig. 290. Sag Correction. 


(Di - " 


and v 

Substituting in (290), 
(290a) C, 


wP 
8 P 

u # 8 
24 p 2 


24 \p) 
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in which l is the span length between intermediate supports and 
p the tension being applied to the tape. 

If there are no intermediate supports, the length of span equals 
the length of tape L y the total weight is W , and the correction 
for sag between the ends of the tape (the total span) would be 



291. Reduction to Datum. Surveys of an area should show 
all of the lines reduced to some common datum of reference. 
For maps of the United States the datum is mean sea level and 
all distances measured at other elevations are reduct'd to their 
lengths on that datum. Surveys of smaller areas not a part of the 
national system may be made 1 to datums at any chosen elevation. 
Olten the datum used is that of an average elevation of the 
area, and no corrections are applied. The correction for sea 
level C a i, to be subtracted from the actual length, is found by 

(201) C. t = 

in which L is the length of line, h the average* elevation of the 
line* above sea level, and R the* mean radius of the earth, com¬ 
monly taken as 20,890,000 feet (log = 7.3199384). 

292. General Statement on Corrections. It should be noted 
that 

(1) if thermometers are attached to the tape, their weights 
should be taken into account in computing sag or they 
should be mounted in position when the tape is stan¬ 
dardized ; 

(2) if the measurement is not carried upon previously estab¬ 
lished stakes, a transit must be used for alignment; 

(3) if a heavy tape is being used and/or tin* spans are long, 
it becomes increasingly important to obtain the correct 
weight and pull since the sag correction varies as tfl 2 , 

P, and 

P 2 

A sample tabulation of the reduction of a short base line is 
fchown in the following example. 



Base line Seduction 
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0.000 00645 ft per ft per I'Fah. 
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§294] 

TRAVERSE 

293. Fundamentals. Horizontal control over an area by 
means of traverse consists of a series of straight surveyed lines 
connecting established transit stations. All of the lines are 
measured in the field and the angular relation at each corner 
is determined with a transit. Only closed traverses, those 
that bound areas in themselves or close on known monuments, 
should be considered. Open traverses do not afford sufficient 
checks upon the field work to permit their use except as short 
spurs to control small isolated areas or to establish a control 
distance for the scale determination of aerial photographs. 

294. Principal Use. Traverse control for topographic map¬ 
ping is not usually list'd alone except for areas of limited extent. 
Its most important use is to supplement triangulation control. 
Traversing necessitates the direct measurement of all lines 
while triangulation requires only the measurement of one or two 
bast 1 lines. This gives triangulation a very distinct advantage 1 
over traverse control. However, a triangulation system does 
not ordinarily provide 1 a sufficient number of established instru¬ 
ment stations from which to cover the area for topographic 
detailing. Therefore, the ideal arrangement is a general tri¬ 
angulation system interlaced and augmented by traverse' line's. 
Thus a side of a triangulation figure 1 often serve's as the* clewing 
line of a traverse as we'll; that is, the traverse is run from ernes 
triangulation station to another. 

Each triangulation station should have a permanent azimuth 
mark established approximately 1/4 mile 1 distant. With the 1 
traverse ce>ntre>l in mind, it usually is a simple matter te> estab¬ 
lish the azimuth mark in suedi a place that it can become* a 
transit station in a traverse beginning or terminating at the 
triangulation point. This greatly facilitates the adjustment of 
such a traverse. 

The 1 location of a triangulation statiem on the top of a building 
or other inaccessible place would prevent such a tonncction 
with the traverse 1 line. In such eases, a small well-shaped auxil¬ 
iary triangle with the other vertices established as two adjacent 
traverse stations will suffie*e.* 

* For other cases see Am. Soc. C. E. Manual of Engineering Practice No. 20, 
1940. 
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295. Precision. A traverse 1 line, perhaps 5 or 10 miles long, 
beginning and ending in the triangulation net is eonsidered a 
primary loop. Often shorter loops or connections are 4 required 
to give' additional transit stations needed fe>r detailing. These* 
secondary loops require* le*ss accuracy than the more important 
circuits since the*ir errors cannot affect more than the mapping 
of a small area. 

No ge*ne*ral rule can be given for specifications of precision in 
traversing. The* stations and lines established may be used for 
many purpose's other than control for te>pographie* mapping, 
Mich as a coordinate' system for property bounelarie'S or control 
for surveys that are* to follow. 

Considering only the* te)pe>graphic map of an are*a, the criterion 
of ae*eurae*y is that the probable* e*rrors of fie'ld procedure will be* 
smalle*r than e*an be* plotte*el at the se*ale chosen for the map. 
For e*xami)le*, assuming that the precision with w r hie*h a point e*an 
be* ])lotte*d is ±0.02 inch and that the adjustment of the trav¬ 
erse* loop woulel account for an equal amount, an order of preci- 
sie>n in \vhie*h the* eliscrc'pancy eloe*s not e*xe*e*e*d that represente*el 
by 0.04 ine*h on the* map would be acceptable. If a scale of 
1 in. = 200 ft. we*re being useel, this would re}>rese'nt an allowable 
differenee of 8 fe*e*t which woulel require* work of the order of 
1 /6600 in a ten-mile traverse. If the* se*ale of the map is increased, 
the* accuracy of the field work must be increased. Conversely, 
if the traverse loop is shorter, the order of accuracy could be 
lowered somewhat, which seems to imply that all traverse loops 
should be short. The fallacy of this would appear in the adjust¬ 
ment of a long circuit consisting of parts of several secondary 
traverses, in which case the order of accuracy would be far from 
acceptable. 

296. Establishment. A traverse should be laid out to connect 
the control points by as nearly a direct line as ground conditions 
will permit. In general, the routes are limited to public rights 
of w f ay such as park strips along streets or highways where the 
monuments probably will be free from disturbance and inter¬ 
visibility can be maintained. Monuments should not be estab¬ 
lished on private property if it can be avoided. 

The transit stations should be set as far apart as possible to 



§296] 


ESTABLISHMENT 


357 


avoid short sights in the azimuth control. In residential areas 
with many curvilinear streets, this is often impossible and the 
traverse must, of necessity, be a series of very short lines. In 
such cases a long sight, cutting off several of the short ones, 
should be arranged for azimuth control of a considerable section 
of the whole traverse. This cut-off sight forms, with the series 
of short traverse lines, a small secondary loop in which angle 
adjustment can be made. Such azimuth control sights normally 
are between two traverse stations set at high points in the aiea. 
Figure 296 illustrates such an arrangement of traverse and 
azimuth angles. 



Measurements with the 100-foot tape can be made most satis¬ 
factorily by following, in general, the same procedure as given 
for base line measurement (see § 286). Since the requirements 
for traversing are not usually so rigid as for base line work, some 
of the refinements may be modified; alignment may be done by 
eye instead of by the transit; mean temperature may be read 
from a thermometer mounted in a block of wood and kept lying 
on the ground at a transit station; difference in elevation be¬ 
tween supports may be obtained by use of a hand level; heavy 
pins stuck in wooden top of taping buck may be used to mark 
the point instead of etching line on metal plate; etc. A constant 
tension should be maintained by use of a tested spring balance. 
The tension should be that under which the tape was standard¬ 
ized, usually 10 pounds if supported its entire length and 20 
or more pounds if supported at the ends only. 

If the normal tension is used (see § 25), i.e., that tension at 
which the elongation of the tape due to pull exactly equals the 
shortening of the tape due to sag, the tension and sag correc¬ 
tions will be eliminated from the calculations. For an ordinary 
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100-foot tape, supported at the ends only, this normal tension 
will.be between 20 and 25 pounds. 

Except for extensive, open-country traverses in which long 
tajx's, taping pins, and plumb bobs are employed, the use of 
some form of support, or taping buck, is recommended. This 
practice* insures definite, elevated end supports, control of the 
slope* factor, and a uniform method erf marking the end point. 
The first and last spans will probably end at points on the 
ground. If these spans cannot be* measured without the tape 
touching along its length, a support e*an be* serf under the transit 
and the point placed on it by means of a plumb l>e>b. Tape's 
should always be* e*arrieel along the line since dragging e>n pavc- 
me*nts soon mluces the* cross-sectional area thus causing the* 
tension e*e)rre*erfie)ii to increase* and the sag correctie>n to decrease 
by undetermined amounts. 

Each angle point should be* monumented if possible although 
this is not absolutely necessary in all cases. For example, an 
angle* point lying bet\ve*e*n two monument ed points could well 
be a drill hole in a Concrete pavement if properly rerferenced te> 
nearby permanent e>bje*e*ts. Should a very lemg sight be en¬ 
countered, the* establishment erf erne or more inte*rmeeliate points 
at definite plus distance* along the line is recommended. These* 
will be of value in the* mapping program and make the control 
system more reaelily available to nearby property. In general, 
the more control pe>ints that are* set, the more valuable becomes 
the control syste*m for all purposes. 

297. Traverse Taping. A 100-foot steel or invar tape is most 
often used in traverse work e*specially over rough or wooded 
territory or in cities where traffic is a serious problem. However, 
in open country, the 301-foot tape, as used by the United States 
Geological Survey, greatly facilitates the work. Whatever tape 
is used, it must be standardized carefully for each traverse or 
at regular intervals. 

A convenient testing base for tapes is very desirable and since 
its construction is not difficult, it is recommended wherever 
much tape measurement is to be done. All tapes should be 
tagged for identification and records kept of their standardiza¬ 
tion data. Figure 297 shows one end of a tape testing base. 
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Fin. 297. T\pb Tkstino Mask. 

As in base 1 lino measurement, best results will be obtained by 
working at night or on eloudy days. If the work is to be done 1 
on bright days an invar tape should be used. The only chock 
that can be made 1 on the observed length of a lino is by repeating 
the measurement. A second measurement is recommended 
whenever difficulties of any nature are encountered. 

298. Traverse Ang les. At each transit station the value of 
the angle to the right from the station at the rear should be 
determined. The procedure and the form of notes are the same 
as those that are used in triangulation work, see §281, except 
that a set may consist of fewer repetitions or fewer sets need be 
taken on an angle. A 10" repeating instrument is most desirable, 
but satisfactory results can be obtained with a 30" or even a V 
transit by increasing the number of sets per angle. Use of less 
precise instruments requires more time and increases the cost 
of the work. The standard precautions with regard to solid set 
up, transit adjustments, protection of instrument, and system¬ 
atic handling should be observed. 
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299. Signals. Signals used in traversing may be of whatever 
kind available or best suited to the work: rods, tripods, lights, 
or heliotropes. Of greater importance than the type of signal is 
the exact plumbing of it over the station. Traverse sight dis¬ 
tances usually are much shorter than those of triangulation, 
and consequently a signal which is off the point even a small 
amount will introduce serious errors. 

300. Traverse Adjustment. Adjustment of traverse circuits 
cannot be considered as definite a procedure as that of triangu¬ 
lation figures in which the consideration of any quadrilateral 
follows the completion of the one preceding it. A long traverse 
loop of primary nature may have several cut-off lines forming 
smaller loops. The smaller ones may be further complicated by 
azimuth control lines cutting off sections comprising a series of 
short traverse lines. These are all inter-related and theoretically 
all should be considered in an adjustment of the entire system. 
However, such a procedure is impractical on account of the very 
large amount of data to be handled and because the results of 
portions of the work should be made available for other pur¬ 
poses before the whole is completed. 

Since traverse control follows no definite pattern it is good 
practice to plan the work so that traverses most closely con¬ 
nected to the triangulation system will be run first and adjusted 
first. These are held fixed and additional traverse loops are 
adjusted to them through whatever portion they have in com¬ 
mon. This scheme obviously demands that the accuracy of the 
field work in practically all the traversing be held to a common 
high standard. 

The correct summation of the angles in any traverse loop, 
dependent upon the number of sides in the figure, is always a 
known value. The angular error of closure is ordinarily dis¬ 
tributed equally among all the angles unless there is some good 
reason for doing otherwise. Specifications for angle measure¬ 
ment usually state that the average correction shall not exceed 
3" or 5" per angle, the amount allowed being in accordance with 
the field procedure and the equipment used. 

The observed lengths of all lines are reduced to grid lengths 
by the application of all corrections made necessary by the tape 
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itself, the conditions of measurement, and the average* elevation 
of the lines with reference to sea level or other reference datum. 
Grid bearings of all lines are computed from the adjusted angles 
and the latitudes and departures are calculated. Errors of 
closure in latitude and departure are distributed in proportion 
to the lengths of the courses. 

Geographic positions are computed by starting with a fixed 
position and grid azimuth (see § 425) at one end of the traverse 
and carrying through by means of the adjusted angles to a 
check on another fixed point and line. The grid azimuth should 
be checked with the astronomic azimuth wherever possible, 
taking into consideration the convergence of meridians. At 
latitude 40° N, astronomic azimuths less than 180° will de¬ 
crease about 45" for each mile of west departure and azimuths 
over 180° will increase at the same rate. 

The length of each cut-off line in the azimuth control will need 
to be computed from the auxiliary traverse which it closes. 
This is done by assuming the closing line to have an azimuth of 
0° 00' 00" and by computing the projections or latitudes of the 
several courses against it using the corrected lengths and azi¬ 
muths figured from adjusted angles. An additional calculation 
of the perpendiculars or departures of the linos will give an 
excellent check on the field work and calculations. Any con¬ 
siderable difference in the summation of the plus and minus 
departures indicates an error in some part of the work that 
should be corrected, since it might appreciably affect the com¬ 
puted length of the closing line. 

301. General Statements. The foregoing statements regard¬ 
ing traversing have to do with work of comparatively high order. 
Many acceptable traverses are run by merely doubling the angle 
to the right or double sighting the deflection angle, accompanied 
by good steel tape measurements along the ground. The best 
example is that of a boundary survey of a piece of property. 
Such a traverse should have an angle closure and an accuracy 
ratio resulting from its latitudes and departures which accord 
with the value of the property controlled. It also would be 
assumed in such a survey that the traverse would be a complete 
unit, the results of which are not to be used in extending control 
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over adjacent areas. In other words, each job must be studied 
and field and adjustment procedures decided upon which are 
in keeping with the accuracy desired. 

Most of the traversing done by surveyors is work of second 
or third order accuracy. Acceptable closures may range from 
1 part in 5000 to 1 part in 25,000 depending upon the purposes 
for which the traverses are run and the value of the property 
involved. For further considerations regarding specifications 
and procedures than arc' presented in this chapter special refer¬ 
ence is made to “Horizontal Control Surveys to Supplement 
the Fundamental Not,” American Society of Civil Engineers 
Manual of Engineering Practice No. 20, 1940. 

PROBLEMS 

I) — C 

1. Compute 1 the - - — - value for the following triangulation figures: 

(a) a completed quadrilateral, (b) a four-sided, central-point figure, (e) a 
four-sided, central-point figure with one corner not on the fixed line occu¬ 
pied, (d) a six-sided central-point figure, (e) a five-sided, central-poim 
figure with the central station not on the fixed line unoccupied. 

2. The angles in a quadrilateral numbered consecutively as in Fig. 282 
are 44°, 11 0°, 9°, 11°, 82°, 7S°, 12°, and 8°. Compute the strength of this 
figure. Is this a recommended figure? Give reasons. 

3. Same as 2 with angles 9°, 11°, 82°, 78°, 12°, 8°, 44°, and 110°. 

4 . Three hills A, B, and C are in a straight lino. AB = 10 miles ami 
BC = 15 miles. The elevations art' 725, 075, and 775 feet respectively. 
When the line of sight clears B by 25 feet, calculate the following: (1) the 
height of tower at C to make A visible, (2) the height of tower at A to make 
C visible, (3) the height of two equal towers at A and C to be intervisible. 

5. Calculate the spherical excess in a triangle two sides of which are 
30,000 feet and 45,000 feet with an included angle of 48°. 

6. The standardization certificate for a steel tape gives 99.992 feet as the 
length of the tape when the temperature is 08° Fahrenheit, supported on a 
horizontal surface throughout its entire length and under a tension of 
10 pounds. The tape weighs 1 pound. 

A base line is measured with this tape and the recorded results are: 
Observed length = 3518.148 feet 
Average temperature = 43° F. 

Tension = 20 pounds 

Support at 0 anil 100 foot points 
Grade of supports = 2 per cent 
Sum of set-backs = 0.246 foot 
Sum of set-forwards = 0.135 foot. 

Compute the corrected length <>f the base. 
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ENGINEERING ASTRONOMY 

302. Relative Accuracy. No attempt was made in Chapter 
VIII to develop the theory of engineering astronomy because 4 
an understanding of that theory is not essential when the allow¬ 
able* error in azimuth or latitude* is more than eme minute*. 
He>we*ve*r, since specifications and instructions * for many trav¬ 
erse*, location, and topographic surveys sot thirty seconds or le*ss 
its the* allowable orre>r it is nece'ssary that tlu* surveyor eompre- 
he*nel e*le*arly anel de*volop tlmt ability to visualize* the redative 
motions e)f cele\stial be>elie*s which is tlu* foundation upon whie*h 
the theory of engineering astronomy is built. That the*e)ry is 
de*ve*le)ped in the* first part of this chapter. Its application is 
hite*r illustrated by typical field and office problems, the elata 
for which we*re* assumed as having been taken at the Purdue* 
University Civil Engineering Camp. 

Methods of observation and calculations used by engineers 
e)f the United States Coast and Geodetic Survey, which yielel 
precisions on the order of eme second of angle, are not included 
herein since that work is highly specialized and requires trained 
e)bsc*rvers and computers in addition to special field equipment 
not usually available. 


GENERAL THEORY 

303. Celestial Bodies. An observation on a clear night of the 
hemispherical dome, popularly called the heavens, reveals groups 
of celestial bodies of varying degrees of brilliance. These groups, 
called constellations , form vague outlines of objects, animals, and 
mythical beings which were visualized and named by early 
star gazers and astronomers. 

The science of the geography of the heavens is called Ura¬ 
nography. A study of Uranography aided by star maps and 

* See. for example. “ Instructions for Transit Traverse United States Geologi¬ 
cal Survey, 1940; also “Horizontal Control Surveys'' Am. Soc. C. E., Manual 
of Engineering Practice No. 20. 1940. 
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Fig. 303. Uranografhic Chart. 
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planispheres is recommended. It is a useful, interesting, and 
absorbing hobby. 

To the observer, all celestial bodies which are scattered over 
the hemispherical dome seem to be equidistant from his position. 
The astronomer, however, knows that great distances separate 
these bodies. These distances are so great that to make them 
comprehensible, they an* measured in light years, one light year 
being the distance light travels in one year.* 

Because these light-year distances from Earth and between 
celestial bodies arc* immense and even though they are rapidly 
changing positions, the apparent relative positions of most of 
the bodies remain sensibly unchanged over long periods of time. 
Such celestial bodies are called stars. 

Our sun is a star,f but it is relatively so close to Earth that 
its apparent motion with reference to Earth is easily observed. 
It is the central body of our solar system and the point about 
which all planets revolve in their elliptical orbits. Earth is but 
one of nine known members of the sun’s planetary family. The 
other members are Mercury, Venus, Mars, Jupiter, Saturn, 
Uranus, Neptune, and Pluto. 

TABLE 303. THE SOLAR SYSTEM 


Namk of 
Celestial Body 

Diameter in 
Milk* « 

Revolution 
around Sun 
in Years 4 * 

Approximate 
Distance from 
Sun in Millions 
of Miles 

Sun 

864,392 

0 

0 

Mercury 

3,008 

0.24 

36 

Venus 

7,575 

0.62 

67 

Earth 

7,927 

1.00 

93 

Mars 

4,216 

1.88 

141 

Jupiter 

88,698 

11.86 

483 

Saturn 

75,060 

29.46 

886 

Uranus 

30,878 

84.02 

1782 

Neptune 

32,932 

164.79 

2793 

Pluto 

b 

247.70 

3680 


a As pci von in American Ethernet is. 

b Not Listed in American Ephemens. It is supposed to be about 5000. 

* Light travels at the rate of 186,324 miles per second (American Nautical 
Almanac). Thus the distance from New York to San Francisco is negotiated by 
light in slightly less than 0.014 second. 

t The sun is about 93,000,000 miles from Earth and light from it reaches us 
in about 8 minutes of time. Beyond the sun and the planets the nearest Btar is 
more than 4 light years from Earth. 
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Through an ordinary field glass or small telescope, planets 
api>ear as disks of light, while all stars are merely points of 
light. Planets also change their positions with reference to stars 
and are consequently not considered as a part of any constella¬ 
tion. Planets art' noil-luminous; they reflect the light of the 
sun. Stars are self-luminous and intensely hot. 

The moon is a celestial body revolving as a satellite around 
Earth at a distance of about 239,000 miles. Its diameter is 
21 GO miles. Several other planets in our solar system have from 
one to nijart 1 such satellite' bodies. 

304. The Celestial Sphere. In making observations for 
longitude, latitude, time, or azimuth, the engineer is not great 1} 
concerned with distances between celestial bodies. His object 
in practically every observation is the* ({('termination of angular 
relations, as measured on Earth, between celestial bodies or 
between some point on Earth and the celestial body which is 
being observed. For such purposes the universe is considered 
as being spherical in shape with infinite radius. The celestial 
bodies are considered as points on this Celestial Sphere. 

305. Earth’s Motions. If, after dark in the northern hemi¬ 
sphere, a camera were pointed toward the north and the film or 
plate exposed for several hours, the* result would be a picture 
showing concentric circular streaks of star light. The center of 
the circles would be above the horizon and would indicate the 
position of the north celestial pole. The height of this jK)le above 
the horizontal plane would vary with the terrestrial latitude of 
the photographer’s camera. Such an experiment would demon¬ 
strate 1 the fact that Earth revolves about its own axis, the axial 
ends being the true poles, North and South. A careful study of 
the picture or an hour by hour observation of the stars would 
show that this apparent motion of Earth, as viewed from Earth, 
is counter-clockwise and that the real motion is therefore clock¬ 
wise or from west to east. Further proof of this lies in the fact 
that stars, planets, and sun rise in the east and set in the west. 

Careful study and observation of stellar bodies made day by 
day and at the same hour each day show that these bodies 
apparently change positions on the celestial sphere, which in¬ 
dicates that Earth’s location in space and its relation to other 
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celestial bodies is continually changing. This is caused by 
Earth's annual journey along its elliptical path around the sun, 
the sun being at one of the foci of the ellipse. 



Fig 305. Karih’s Motions. 


Thus the two independent motions of Earth: daily (diurnal 
motion) around its own axis, and annually (orbital motion) 
around the sun, cause continual apparent changes in the posi¬ 
tions of celestial bodies as viewed from Earth. 

306. Great and Small Circles. The intersection of a plane 
passing through the center of a sphere with the surface of that 
sphere is called a Great Circle. A Small Circle on the sphere 
results when the intersecting plane does not pass through the 
center. A spherical triangle is bounded by arcs of great circles. 
These arcs are usually measured in degrees, minutes, and 
seconds. 

307. Azimuth and Altitude — The Horizon System. If at 

any instant all celestial motions were considered as static, then 
every celestial body at that instant would be in a definitely 
fixed location on the celestial sphere. 

When a perfectly adjusted transit is set up on Earth with 
plate bubble's and telescope bubble leveled, the vertical axis, 
extended an infinite distance, would pierce the celestial sphere 
overhead at Zenith and underfoot at Nadir . If the telescope 
were revolved around the vertical axis and if the horizontal 
plane thus generated were produced an infinite distance, the 
intersection of this plane and the celestial sphere would be a 
great circle oil the celestial sphere called the Horizon . If the 
telescope were revolved around the horizontal axis, the line of 



1307] AZIMUTH AND ALTITUDE 369 

sight would generate a vertical plane which, when projected to 
an intersection with the celestial sphere, would be a great circle 
on the celestial sphere and would pass through zenith and nadir. 
Such great circles are called Vertical Circles . If this second revo¬ 
lution of the line of sight (around the horizontal axis) were made 
when the telescope was pointed toward true north or south, the 
particular vertical circle on the celestial sphere would be the 
Meridian of the place of observation. 



At any single set up of the transit there is an infinite number 
of vertical circles but only one horizon and one observer’s 
meridian. 

The vertical angle between the horizon and any celestial 
body is called the Altitude of the body. The Zenith Distance of 
a celestial body is the angular distance from the body to zenith 
measured along the vertical circle passing through the body. 

Zenith distance = 90° — altitude. 

The horizontal angle measured from true south in a clockwise 
direction to the vertical circle through the celestial body is the 
Azimuth of the body. The spherical angle at zenith between 
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the vertical circles through the celestial body and true south 
equals the azimuth angle. 

Thus any celestial body may be located on the celestial sphere 
by using the 1 horizon system of great circles, the angular (spher¬ 
ical) coordinate's of the body being azimuth and altitude. 

308. Right Ascension and Declination — The Equatorial 
System. The terrestrial equator is a groat circle on Earth mid¬ 
way between the terrestrial poles. The projection of the plane 
of the terrestrial equator to an intersection with the celestial 
sphere results in a great circle on the celestial sphere called tin 1 
Ccleatial Equator. 

The plane in which Earth travels in its annual revolution 
around the Sun projected to an intersection with the celestial 
sphere results in a great circle on the celestial sphere called the 
Ecliptic. The ecliptic, therefore, is the trace 1 of the sun’s appar¬ 
ent annual journey around the celestial sphere. 

In the northern hemisphere, Earth’s axis of rotation is in¬ 
clined toward the sun in the summer season and away from 
the sun in the winter season. The ecliptic, therefore, does not 
coincide with the celestial equator, the angle between the two 
great circles being slightly greater than 23° 27'.* It is evident 
also that because 1 of this fact, the ecliptic and celestial equator 
intersect at two points and that half of the ecliptic is in 
the northern celestial hemisphere and the other half in the 
southern. 

These two points of intersection of the ecliptic and equator 
are important. That intersection of the sun’s apparent path 
(the ecliptic) with the equator which occurs in the spring season 
(about March 20) t is called the Vernal Equinox. At that time 
of year the sun apparently is moving from the southern into the 
northern celestial hemisphere. Six months later (about Sep¬ 
tember 21) the sun’s apparent motion is from the northern into 
the southern hemisphere and the intersection is called the 
Autumnal Equinox. A great circle passing through the celestial 
poles and the vernal equinox is called the Equinoctial Colure. 

* This angular relation changes slightly each year and is different for each 
planet of our solar system. 

t These dates vary slightly from year to year and may be determined accu¬ 
rately by consulting a solar ephemeris. 
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Tilt 1 venial equinox is therefore an imaginary point on the 
celestial sphere whi( h has an apparent motion similar to that of 
the stars. 


Zenith 



On Earth’s surface great circle's which pass through the poles 
and are therefore perpendicular to the terrestrial equator are 
called meridians or longitudinal circles. Positions east and west 
of the reference meridian through Greenwich, England (0° 
longitude), are measured in degrees (and fractions thereof) cast 
or west of Greenwich up to 180°. 

Projections of these longitudinal circles in infinite number to 
intersections with the celestial sphere result in great circles on 
the celestial sphere called Hour CircU'S. Any hour circle passes 
through the celestial poles and is perpendicular to the celestial 
equator. The equinoctial colure is a particular hour circle. 
The meridian of the observer is also a particular hour circle. 
The Hour Angle of any celestial body is the spherical angle be¬ 
tween two hour circles, one of which passes through the body, 
the other being either the meridian of the observer or the equi¬ 
noctial eolure (see § 315). 

Right Ascension of a celestial body is its hour angular relation 
to the vernal equinox measured eastwardly along the equator 



372 


ENGINEERING ASTRONOMY 


[Ch. XXI 


from the vernal equinox or equinoctial colure to the hour circle 
passing through the body. It is also equal to the spherical angle 
at the pole between the equinoctial colure and the hour circle 
through the celestial body. 

Small circles on Earth’s surface parallel to the terrestrial 
equator are used to fix the location of points on Earth. These 
small circles are called parallels of latitude. The terrestrial 
equator is at 0° latitude and all points on Earth are either south 
or north latitude, the distance from the equator being expressed 
in degrees and fractions thereof. The terrestrial poles are at 
90° latitude north and south. 

Projections of parallels of latitude to intersections with the 
celestial sphere permit a similar measure of angular distance 
north and south of the celestial equator. Such a measure of 
distance or position on the celestial sphere is called Declination. 
Declination is north or south. The declination of any celestial 
body is its angular relation north or south to the celestial equa¬ 
tor as measured at the center of the celestial sphere or along an 
hour circle from the celestial equator to the body. 

Polar Distance is the angular relation between the celestial 
body and the pole measured along the hour circle through the body. 

Polar distance = 90° ± declination. 

Any celestial body may therefore be located on the celestial 
sphere by the spherical coordinate's right ascension and declination. 

Star tables showing apparent places of stars (right ascension 
and declination) for different days of the year are given in the 
American Ephemeris and Nautical Almanac. A study of these 
tables reveals the fact that almost all stars are relatively in the 
same j>osition throughout the year. The variations in right 
ascension and declination as shown in the tables are so slight 
(less than 1 minute in a year) that they may be neglected in 
azimuth or latitude calculations. They indicate the fact, how¬ 
ever, that the direction of Earth’s axis is changing slowly ana 
consequently that the vernal equinox is not quite a fixed point. 
This slight shifting is called Precession. 

309. Hour Angle and Declination — The Hour Angle System. 
As explained on page 367, Earth’s daily rotation about its own 
axis produces an apparent daily rotation of all celestial bodies 
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around Earth. Each such body muse therefore cross the merid¬ 
ian of the observer twice each day. To an observer at the equa¬ 
tor, the celestial poles lie on the horizon and all celestial bodies 
appear above the horizon for half of the day and disappear below 
the horizon for the other half day. To an observer at the north 
jx>le, the pole coincides with zenith and celestial bodies appear 
above the horizon all day. Their apparent motions are in small 
circles parallel to the celestial equator which, in this extreme 
'•ase, coincides with the observer's horizon. 


Zenith 



At an> place of observation on Earth between the equator 
and pole, certain celestial bodies appear above the horizon for 
part of the day and disappear below the horizon for the rest of 
the 24-hour period. Other bodies such as stars near the pole 
remain above the horizon throughout the day. Such stars are 
called Circumpolar Stars for that particular place on Earth. 

For every position on Earth, every celestial body reaches its 
maximum altitude for that day at the instant it crosses the 
meridian of the observer. The instant of meridian passage when 
the celestial body is above 1 the pole is called Upper Culmination; 
when below the pole, Lower Culmination . 
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Since the observer’s meridian is the only great circle on the 
celestial sphere which is both an hour circle and also a vertical 
circle, the instant of meridian passage of any celestial body is 
at 0 hour angle for that particular body and place (see also 
§312). 

An apparent westerly motion of a celestial body through 15° 
of hour angle changes its hour angular relation to the meridian 
by exactly 1 hour of time. For a star or the vernal equinox, the 
hour angle is expressed in sidereal units and for the* sun, in solar 
units (set* also §314 and §315). Hour angular relations, 
measured either along the equator or at the pole, art* generally 
measured from the meridian westwardly for the full 24 hour 
period. The sun’s hour angle, however, is measured westwardly 
from O 1 * (noon) to 12 h (midnight). This is p.m. (Post Meridian) 
time. a.m. (Ante Meridian) time is measured from 0 h (mid¬ 
night) to 12 h (noon). Thus at 10 a.m, the sun is two hours east 
of the meridian. 

Any celestial body may therefore be located on the celestial 
sphere by hour angle* and declination. 


Zenith 
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310. The Astronomical Triangle. In the analysis of field data 
taken for the purpose of determining position on Earth, use is 
made of all three of the foregoing methods of fixing the position 
of points on the celestial sphere. 

In Fig. 310, for example, the observer O is on Earth, but since 
the radius of the celestial sphere is infinite, O is assumed to be 
at Earth’s center. The sun S is the celestial body. The figure 
illustrates eonditions for a morning observation during that 
reason of the year when the sun’s apparent position is above the 
equator. Declination 5 is north. 

The altitude h of the sun is its height above the horizon and 
is measured along a vertical circle. The hour angle t represents 
the angular distance (measured at the pole or along the equator) 
through which the sun apparently must travel before it reaehefc 
upper culmination on the observer’s meridian. 


Zenith 

Z 



Fig. 310a. A p.m. Sun Observation. 


Fig. 310a represents conditions at the instant of an afternoon 
s un observation during that season of the year when the sun’s 
declination is south. 
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In both Fig. 310 and Fig. 310a the angular relation between 
the sun and true south is indicated by the azimuth angle. 



Nadir 

Fig. 310b. An Observation on Polaris. 

Figure 310b represents conditions existing for an observation 
on a star $ which is h° in altitude above the horizon; 8° in decli¬ 
nation above the equator ; t hours before upper culmination and 
angle ABC in azimuth as measured clockwise from true south. 

At any instant of observation therefore the three points, P, 
the pole; Z, the zenith; and S> the celestial body, form a spher¬ 
ical triangle, the solution of which (see § 324) yields the latitude, 
azimuth, or time (hour angle) for which the observation was 
made. 

311. Terrestrial and Celestial Latitude. In Fig. 311, the 
smaller circle represents Earth and the larger circle the celestial 
sphere. The transit setup is at <f>° angle above the equator, i.o., 
at north latitude. On the celestial sphere this angle is meas¬ 
ured along the meridian from E to Z. 

The latitude of the place of observation is therefore equal to 
the declination of the observer’s zenith and the polar distance of 
senith is equal to the co-latitude of the place of observation 
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In Fig. 311, the altitude of the pole is HP (angle HOP) and 
the zenith distance of the pole is PZ. 



IV, 311 . Relation Between Altitude of Pole \nd Latitude of 

Plu e. 

The latitude of the 'place ( EZ) is therefore equal to the altitude 
of the pole (HP) at that place. 

312 . Special Conditions of Observation. When an observa¬ 
tion is made on a celestial body at the instant of meridian passage 
(culmination) of that body, the three points P, Z, and S all lie 
on the same great circle, the observer’s meridian. Latitude 
determinations under these special conditions are easily and 
accurately made. 

For example, Fig. 312 shows the relative positions of P 9 Z, and 
S, t hours after the instant shown in Fig. 310. In Fig. 312, 

HS = altitude of the sun; ES = declination, and the hour 
angle of S is 0\ 

EZ = latitude of the place 
H'P = altitude of the pole 
H'P = EZ 

’ EZ = 90° — HS + ES. 


312) 



378 


ENGINEERING ASTRONOMY 


ICh. XXI 



When the sun has south declination, formula 312 becomes 
(312a) EZ = 90° - IIS - ES. 

In Kig. 312a 

(312b) EZ = IVP = IPS - SP. 


Observer's Meridian—. 


\ V-H 

\ .s* V 


x. Star at Upper Culmination 
OJ* Polar Distance» SP 

/X 

/ / Star at Lower 
/ sc \ Culmination 
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When the star, Fig. 312a, is at lower culmination, formula 
.{12b becomes 

(312c) EZ = WP = //'S' + jS'P 

313. Time Measurement. Measurement of time is based on 
the apparent motions of celestial bodies. Those apparent 
motions art* caused by the two actual motions of Earth, one 
about its own axis and the other in its orbit around the sun. 
These actual motions are both eastward, resulting in apparent 
westward motions as viewed from Earth. 

The sun being at one of the foci of the ellipse of the orbital path 
of Earth, the actual angular speed of Earth in its path is vari¬ 
able. Figure 313 illustrates these relations at different seasons 



Fio. 313. Reasons i-ok Vakiahle Speed of Fakth. 

of the year. It should be noted that the radius vector of the 
ellipse covers equal areas in equal intervals of time. This 
accounts for the variable speed of Earth. If, therefore, the sun’s 
apparent variable motion were used as a method of measuring 
time, the construction of mechanical devices such as clocks 
would be rather difficult. 

Irregularities in-the apparent motion of the sun are also 
caused by the fact that the axis of Earth is inclined to the 
plane of orbital motion. This causes variable' hour angles as 
measured at the pole (or along the equator) for equal distances 
along the ecliptic. 

314. Sidereal Time. The motion of Earth about its own 
ixis is uniform. Therefore, any object infinitely distant from 
Earth, such as a. star or the vernal equinox, would bo on the 
observer’s meridian A and A 9 (Fig. 314) at the beginning and 
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ending of one complete revolution of Earth. Stars, therefore, 
make possible a uniform and accurate method of measuring 
time. Mechanical devices such as sidereal clocks measure 
these apparent uniform movements of stellar bodies. Although 
it is an imaginary star, the vernal equinox is used to measure 
star, or Sidereal Time . 



Fio. 314. Relation between a Sidereal Day and an Apparent 

Solar Day'. 


At any place on Earth's surface, a sidereal day begins (0 
hours, sidereal time) when the vernal equinox is on the observer's 
meridian and above his horizon. Twenty-four hours (sidereal 
time) later, the vernal equinox is again at meridian passage 
and one sidereal day has elapsed. Sidereal time is measured by 
clocks regulated so as to gain 24 hours a year over ordinary 
clocks. Sidereal time at any place at any instant of time is the 
hour angle of the vernal equinox referred to the meridian of 
that place. 

315, Solar Time. Referring to Fig. 314, if the apparent 
(actual) sun were on the meridian of the observer at point A 
at the beginning of the day, Earth must revolve through an 
additional angle A 1 OX in order to complete one apparent 
solar day. This additional angle amounts to about four minutes 
(time measure) for each day, or 24 hours in a year. Apparent 
solar time is measured by a sun dial. An apparent solar day 
is the time elapsing between two successive culminations 
(meridian transits) of the apparent sun. Apparent solar time 
at any instant of time is the hour angle of the apparent sun. 
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To Earth’s inhabitants, the sun, giver of light and heat, is the 
mo^t important celestial body, but because of its apparent 
\ [triable motion it cannot be used conveniently as the time 
measuring object. However, a method has been devised for sun 
time measurement which employs the average daily motion 
of the apparent sun during the year. The result of that average 
is an imaginary sun called the Mean Sun. The mean sun moves 
at a uniform rate eastwardly along the celestial equator making 
one complete revolution in 365.2422 ± mean solar days. This 
interval of time is called a Tropical Year. 

Mean time is measured by watches and clocks. It is the hour 
angle of the mean sun. A mean solar day is the mean time hours 
which elapse between two successive transits of the mean sun. 
Mean Noon is the instant of time when the mean sun is on the 
meridian. A mean or Civil Day begins at midnight (0 h ) and is 
measured a.m. and p.m. Local Mean Time is the hour angle of 
the mean sun referred to the local meridian. 



The two suns, apparent and mean, one moving along the 
' cliptic at a variable rate, the other along the equator at a 
niiform rate, are at all times separated by a constantly changing 
,10 ur angle. This angle is called the Equation'of Time and is the 
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factor needed to convert mean time into apparent time or vice 
versa. 

Standard Time is the hour angle of the mean sun referred tr 
a standard meridian. The adoption of standard time as a 
system of time measurement was merely a convenience. Theo¬ 
retically, time bolts are about one hour (15° longitude) wide and 
are bounded by irregular lines spaced approximately 30 minute* 
(7J 2 °) on each sid(‘ of the whole hour meridians (15°, 30°, 45°, 
etc.) east and west of Greenwich, England. Variations in 
the widths and boundaries of these belts (see Fig. 315) are 
due to locations of important business and railway centers 
Daylight Saving Time, as adopted locally during the summei 
season in many communities, is the Standard Time of the time 
belt east of the belt in which the community is located. 

316. Conversion of Time Intervals. As mentioned in §315, 
the tropical year is the time elapsing during one complete 1 
revolution of the mean sun around the equator. One tropical 
year = 365.2422 ± mean solar days. During that same' time* 
interval, the apparent sun also makes one complete revolution 
around the ('cliptic. 

As shown in Fig. 314 the elifference in time be'twe'en a mean 
solar day and a sidereal day is about four minute's, the' side*re'al 
clock gaining this amount ove'r the' mean time edoe'k each day 
so that at the end of a tropical ye'ar the sidereal clock is precisely 
one full elay (21 hours) ahead of the mean time clock. 

One tropical year = 366.2122 =fc sidereal elays. The American 
Ephemeris gives the following: 

One sidereal day = 23 h 56 ,n 04 s .091 of mean solar time. 

One mean solar day = 24 h 03 m 56 s .555 of sidereal time. 
Tables 316 and 316a make po^sibk- easy and rapid conversions 
of solar and sidereal time intervals. 

317. Longitude and Time. Since all three time measuring 
systems are based upon the apparent motions of celestial bodies, 
it follows that 

One apparent solar day = 24 hours of apparent solar time 
= 360 degrees of longitude. 

One mean solar day = 24 hours of mean solar time - 
360 degrees of longitude. 
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r\HI,K 316. TO CONVERT A SIDEREAL TIME INTERVAL 
INTO AN EQUIVALENT MEAN SOLAR TIME INTERVAL 

Sidci(al turn interval — C — Mean tune interval 
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One sidereal day = 24 hours of sidereal time = 360 degrees 
■>f longitude. 

Expressed in another way, the apparent sun moves through 
lo°, or one hour of longitude, in one hour of apparent solar 
1 one; the mean sun moves through 15°, or one hour of longitude, 
1 one hour of meAn solar time; and the vernal equinox moves 
1 trough 15°, or one hour of longitude, in one hour of sidereal time. 
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TABLE 316a. TO CONVERT A MEAN SOLAR TIME INTERVAL 
INTO AN EQUIVALENT SIDEREAL TIME INTERVAL 

Mean time interval + C = Sidereal time interval 
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The difference in longitude between two points on Earth's 
surface is therefore a measure of the difference in time between 
those places. However, it must be remembered that conversion 
factors must be applied to these differences in longitude when 
they are to be expressed in different time units. For example 

Mean time ±'equation of time = apparent time. 

Sidereal time = mean time + correction (see Table 316a). 

Mean time = sidereal time — correction (see Table 316). 
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Regardless of whether mean solar, apparent solar, or sidereal 
time is used, the following relationships are true: 

One hour of time = 15 degrees of longitude. 

One minute of time = 15 minutes of longitude. 

One second of time = 15 seconds of longitude. 

318. Sidereal Time and Right Ascension. In each annual 
edition of the American Ephomeris and Nautical Almanac the 
apparent plaees of all important stars are tabulated. From 
these tabulations the right ascension of any listed star may be 
obtained. 

This tabulated value plus or minus the hour angle of the star 
in any instant of time is the sidereal time at that place and at 
that instant. This relation is shown in Figs. 318 and 318a. 



Fig. 318. Sidereal Time = Right Ascension Plus Hour Angle. 

319. Corrections to Observed Altitudes. The measured ver¬ 
tical angle (altitude) of a celestial body is not its true altitude. 
I wo corrections to this measured value must be made before 
'irfing it in the solution of the PZS triangle. One of these cor¬ 
rections, Refraction , is necessary because of the bending of light 
’ ays as they pass through Earths atmosphere. This is illus¬ 
trated in Fig. 319, in which the corrected altitude of the celestial 
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Kio. 318a. Sidkkiim. Time = Kigiit Asi enmon Minus Iloun Angle. 

body is angle* SOU and the observed altitude is S'OH, the 
apparent direction OS' of the body from Earth's surface 4 being 
tangent to the 4 curve OS of the 4 refractod ray at the position of 
the observer 0. Anglo S'OS is the refraction correction and is 
always subtracted from the measured (observed) altitude to 
obtain the corrected altitude of any celestial body. The value 4 
of this correction angle varie\s from 0 minutes when the cedestial 
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body is at the zenith to about 11 minutes when the body is a 
few degrees above the horizon. It also decreases slightly as the 
temperature increases. The apparent flattening of the sun’s 
disk at sunset illustrates the effect of refraction. 

When an observation is made' upon a celestial body which is 
a finite distance from Earth, such as the sun or moon, the 
observed altitude' erf such be)dy must also be corrected for 
Parallax. Parallax is the apparent displacement erf the body 
eauseel by the fact that the observer is on Earth’s surface 
and not at Earth’s center. 

Parallax corrections to observed altitudes of celestial bodies 
which are infinitely distant from Earth are practically zero. 

Fre>m Fig. 319, angle S'OH is the' observed altitude of the 
celestial body as measured on Earth’s surface' and angle S'O'IP 
is the' observed altitude erf that same body at Earth’s ('enter. 
It is obvious that S'O'FP is gre*ate*r than S'OH. The'rerfore, 
the* measured (observed) altitude of the ce'le'stial body must be' 
increased by adding the* parallax corrc'ction to the measured 
altitude in order to get the corre'cte'd altitude of that body. 
Parallax corrections are* ve*ry small in comparison with refrac¬ 
tion corrections; thc*re*fore, the* net correction for parallax and 
rerfruction must be* subtracte*d from the observer! altitude to 
ge*t corrected altitude*. 

Table 319 gives values of these corrections for value's of 
altitude between 5° and 90°. 

When an observation is made on the upper or lower edge of 
the sun the observed altitude must also be corre'cte'd by the 
addition or subtraction of the sun’s s(*mi-diame'ter. Values of 
apparent semi-diameter for various dates throughout the year 
may be obtained from a Solar Ephemeris or from the Sun 
Ephemeris in the American Ephemeris and Nautical Almanac. 

INSTRUMENTAL EQUIPMENT 

320. Transits. Detailed descriptions and illustrations of 
transit instruments with which field parties are usually 
equipped may be found in Chapters VI and XX. 

Precision of results of astronomical observations beyond 
that obtainable with ordinary one-minute or thirty-second 
transits is possible only with equipment designed for that 
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TABLE 319. CORRECTION FOR PARALLAX AND REFRAC¬ 
TION TO BE SUBTRACTED FROM THE OBSERVED 
ALTITUDE OF THE SUN 

For Polaris Observations add 0/2 for altitudes to 15°, inclusive; and 
0/1 for altitudes to 70°, inclusive. 
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purpose. Special transit instruments, such as zenith telescopes, 
one-second theodolites, or even ten-second transits are not 
usually available. 

Values of azimuth or latitude, sufficiently precise for most 
purposes, may be* obtained with the ordinary transit by using 
can 1 in the field and by cheeking results by means of a series of 
similar observations. It is decidedly important, for example, 
that the vertical axis of the transit be made truly vertical. 
On ordinary instruments, the plate bubbles are not sennit iv r 
enough to produce this result precisely and the instrumentman 
must therefore rely upon the longer and more sensitive telescope 
bubble for increased accuracy. The detailed procedure is given 
on page 130. 

In addition to the transit instrument, a field party should be 
equipped with a high-grade watch or chronometer which should 
be checked repeatedly against radio time signals. For night 
observations, flash lights are needed to illuminate the cross¬ 
hairs by directing light into the telescope through the objective 
lens. Special reflectors for this purpose are listed in instrument 
manufacturers’ catalogue's and are a decided convenience but 
not a necessity. If reflectors are not available, care must be 
exercised by the assistant instrumentman when projecting 
light into the telescope that the flash light beam be directed 
into the telescope and not into the instrumentman’s eyes. 
White paper shades substituted for the regular telescope sun 
shade or rolled snugly inside of the sunshade may be helpful. 

For observations on the sun at high altitudes a prismatic 
eyepiece is needed. This should be fitted with a dark colored 
cover glass in order to protect the eye of the observer. Sun 
observations are also made by focusing the sun’s disk back 
of the eyepiece as shown in Fig. 330. This is best performed 
by two operators, one manipulating the transit and the other 
the card upon which the sun's image is focused. 

A new device called The Simplex Solar Shield has been 
invented by Professor C. H. Wall of the Ohio State University. 
This attachment to the transit permits the instrumentman to 
‘‘secure accurate pointing on the center of the sun and to 
guarantee accurate time intervals between successive pointings. 

• . . A small shield of symmetrical design has been devised to 
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be placed in front of a plate on which the sun’s image and the 
cross-wires of the transit may be focused, . . . The shape 



Fio. 320. Simplex Sour Shield. 

and size of this shield are such as to match the sun’s image and 
facilitate successive timing as the image moves.” * Either 
♦See “Civil Engineering" magazine, June 1940, page 363. 
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azimuth or latitude observations may be made with the Simplex 
Shield. 

321. Solar Attachment. “The solar attachment to the 
engineers’ transit has been designed for instrument ally setting 
off the sides of the pole-zenith-sun triangle in agreement with 
their angular values at the station and time of observation. 
The sun’s imago may be brought into the line of eollimation 
of an auxiliary telescope by orientation of the transit to the 
position where the instrumental parts are made parallel to the 
respective sides of the celestial triangle, whereupon the vertical 
plane of the pole-zenith are of the solar attachment will coincide 
with the true meridian. Skillfully handled, the solar attach¬ 
ment will give at once close approximations to the true meridian 
comparing favorably for accuracy with direct observations.” * 

Although several types of solar attachments are offered by 
instrument makers, only the Smith is used by the engineers 
of the General Land Office. This type, according to Mr. Arthur 
I). Kidder,t District Engineer in charge of field operations 
in the Eastern district, gives results well within limits of accu¬ 
racy set by the Manual. It is particularly useful in mountainous 
regions or in heavily wooded areas. Use of this instrument is 
definitely specialized and the reader is therefore referred to the 
Manual issued by the Bureau of Land Management. 

322. The Sextant. The sextant is an angle measuring instru¬ 
ment used generally by navigators for latitude determinations 
and occasionally by engineers on land for measurements of 
angles in any plane. It is particularly useful in hydrographic 
surveys in the measurement of angles to shore stations from 
boats where soundings are being made. Convenient size and 
the rapidity with which an angle can be measured make the 
sextant a useful instrument for many other surveying operations. 

In Fig. 322a, the index glass, a mirror, is rigidly attached to 
the index arm IV which is free to rotate about /, the axis of 

* “ Manual of Instructions for the Survey of the Public Lands of the United 
States,” 1930; Reprint 1934. A new edition of this manual is dated 1947. 

t “The Solar Transit as Constructed for the General Land Officc ,, — a 
paper presented by Arthur D. Kidder at the 1940 National Surveying Teachers* 
Conference sponsored by the Society for the Promotion of Engineering Educa¬ 
tion. 
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the instrument. The V end of the index arm carries a verniei 
whieh rides the are from B to A, the arc reading zero at 0. 



The horizon glass, H, is rigidly attached to the frame of 
the sextant so that its surface is parallel to 10, a line through 
the axis and the zero point on the arc. It is silvered on the 
half next to the sextant frame and clear on the other half. 

When the eye of the observer is at E and the index arm reads 
0° 00' on the arc, the reflected image of a star S to I to H to E 
coincides with the direct image of the same star S' as seen 
through the clear half of the horizon glass, H . 

In determining the angle in any plane between two objects, 
a direct sight ES ' toward one object is taken through the clear 
glass portion of the horizon glass. The index arm is then moved 
along the graduated arc until the reflected image of the second 
object following the path SIHE coincides with the direct image 
of the first object. The reading on the arc is then a measure of 
the angle between the two objects. 
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In Fig. 322a, while 01V represents the reading of arc when 
the two objects sighted are S and S', angle I EH is the actual 
angle at E between the two objects. A knowledge of the true 
relation between these two angles is essential to an understand¬ 
ing of the principle of the sextant. 

In Fig. 322a, the normals to the index glass and the horizon 
glass intersect at a point P, 10 being perpendicular to HP 
and IV perpendicular to NP. 



Fir,. 322a. Principle of the Sextant. 


Therefore angle 01V — angle I PH. 

In triangle IP1I 

angle IPH = 180° — (angle PHI + angle HIP ) 

= 180° - [(90° - 0) + (90° + a)] 

= 0 - a. 

In triangle I EH 

angle IEH = 180° — (angle EHI + angle HIE) 

= 180° - [(180° - 2/3) + 2 a] 

= 2/3 - 2a 
= 2(0 - a). 

Therefore the actual angle between the two objects is twice 
as large as the* angle through which the index arm moves. In 
order that the true value of the angle may be read directly on the 
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arc, each half degree subdivision is valued at one degree and is 
so marked. 

The navigator measures the altitude of celestial bodies with 
the sextant by bringing the reflected image coincident with (or 
tangent to) the actual horizon. On land, altitudes must be 
measured with the help of an artificial horizon, usually a surface 
of mercury. Fig. 322b and Fig. 322c show how such measure¬ 
ments are made. 



In Fig. 322b the observer sighting directly through the clear 
half of the horizon glass finds the image of the celestial body 
as reflected by the mercury surface of the artificial horizon. 
The image of the same body as reflected into the eyepiece of the 
sextant by way of the index glass mirror and the horizon glass 
mirror is then brought into coincidence' with the first image by 
manipulating the' index arm. When the two images coincide, 
the angle recorded on the arc is twice the altitude of the celestial 
body. 

323. Adjustments of the Sextant. When a sextant is in adjust¬ 
ment, both mirrors are at right angles to the plane of the instru¬ 
ment and if a single infinitely distant object is observed, the 
index arm cuts the arc at 0° 00'. 

To check the relation between the index glass and the plane 
of the sextant, the instrument is held horizontally with the 
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observer's eye close to the index glass. The index arm should be 
damped at 40° or 50°. The reflected image of the arc and the 
arc itself should appear as a continuous straight line. If this is 
not the case, the adjusting screws which permit tilting the index 
glass (usually located at the back) should be turned until the 
test for the relation is satisfied. 



f 


\\ 


Fig. 322c. Using Artificial Horizon. 

To cheek the relation between the horizon glass and the plane 
of the sextant the instrument is held vertically and a sight is 
taken on a distant point, preferably a star or the horizon as 
defined by a large lake or ocean. If the star is used, the reflected 
image of the star should cut across the direct image as the index 
arm is moved back and forth at the 0° end of the arc. If the 
horizon is available its reflected and direct images should be a 
continuous line as the instrument is tilted to the left and right 
of a vertical position. The horizon glass is adjusted until the 
proper relation between the images is attained. 
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In sighting toward a point infinitely distant, the vernier should 
read 0° 00' when the direct and reflected images coincide. If 
such is the case, the horizon glass and index glass are parallel to 
each other. In many instruments, the horizon glass may be 
made parallel to the index glass by means of adjusting screws. 
This adjustment, however, may be omitted if the index error is 
measured. Care must be exercised in determining whether this 
correction to the measured angle is on or off the scale. If it is on 
the scale, the correction must be subtracted from the vernier 
reading. 


324. Spherical Trigonometry. The derivation of the various 
spherical trigonometric formulae 4 used in solving the astro¬ 
nomical triangle 4 should be unde 4 rste>e>d by the student. The 4 ir 
applications to the 4 solution of the PZS triangle arc as follows: 

(a) In the 4 oblique spherical triangle PZS (see Fig. 327c) : 

Givem the three sides PS, ZS, and PZ 


(324) 

S = 

1/2 (PS + ZS + PZ) 

(324a) 

• z 
8111 - = 

/sin (s — ZS) X sin(* — PZ) 
' sin ZS X sin PZ 

(324b) 

z 

cos — = 
2 

/sin s X sin(s — PS) 

* sin ZS X sin PZ 

(324c) 

II 

tSJ|(N 

/sin (s — ZS) X sin(* — PZ) 
' sin 8 X sin(s — PS) 


(b) In the oblique spherical triangle PZS 
Given sides PS, ZS, and angle 4 P 


(324d) 


sinZ = 


sin P X sin PS 
sin ZS 


which gives two possible values for Z. The time of observation 
or the hour angle of the body indicates the relation between the 
body and the meridian anel which e>ne 4 of the two values is to be 
chosen. The selection of the proper value of Z is therefore sim¬ 
plified by visualizing the relative positions of P, Z, and S at the 
instant of observation. With this Z angle 

tan 1/2 PZ = '/2(J±^gtan 1/2(PS + ZS) 

cos* 1/2 (Z — 1) 


(324o) 
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or 

(324f) tan 1/2 PZ = - s + f) tan 1/2 (PS + ZS). 

cos I /— Z) 

FIELD WORK AND CALCULATIONS 
AZIMUTH OBSERVATIONS 

325. True North. To the engineer, the most important opera¬ 
tion in the field of engineering astronomy is the determination of 
true north. Various methods may be used, all of them founded on 
the general theory developed in this chapter or in Chapter VIII. 

Observational methods and resulting calculations for true 
azimuth will be discussed in the following order: 

1. Observation on Polaris at elongation 

2. Observation on Polaris at any hour angle 

3. Equal altitude observation on any star 

4. Observation on the sun at any hour angle. 

Other methods are used occasionally by engineers, but it is 
believed that with an understanding of the theory involved in 
those four methods most field engineers will be sufficiently 
equipped to determine true azimuth within one or two minutes 
or even less if the observation is made on Polaris. 

326. Polaris at Elongation.* Data are needed from tables 
“Azimuth of Polaris at Elongation” and “Time of Upper Cul¬ 
mination and Elongation East or West of Polaris.” These* 
table's are printed annually in The American Ephemeris and 
Nautical Almanac or in abridgements published by instrument 
companies. 

The tables make possible the calculation of the watch time 
(standard time) of elongation of Polaris at any place of observa¬ 
tion where the star can be seen.f They also give the horizontal 
angular relation between the star and the true* meridian at the 
instant of elongation. 

Elongation instants arc* best used for azimuth observations 
because at those points in the apparent path of the star around 
the pole, the rate of change in its horizontal angle is a minimum. 

* See also pages 151 and 154. 

t Polaris is not visible at points on Earth which lie between about 1° South 
latitude and the south pole; it is a circumpolar star for all points on Earth 
between about 1° north latitude and the north pole. 
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For example, an observation for the purpose of determining 
the true azimuth of a line is to be made on Polaris at elongation 
bn October 17, 1949, at a place longitude 5 h 42 m West and lati¬ 
tude 40° North. The following steps should be taken: 

Step 1 . Find standard time of elongation. From Keuffel and 
Essex* Company Ephemeris , 1949, Tables 8 and 9, p. 81. 

f) 1 ' 08'".3 a.m. == local mean time (civil time) of western elongation at 

Greenwich on October Hi 

— 3.0 = (1 X 3 m .03) — change due to date 

(»•' 04 m .4 a.m. = local mean time of western elongation at Greenwich 

on October 17 

— 0.0 = (.10'" X 5.7) = change due to longitude 

b*‘ 03 m .5 a.m =* local mean time of western elongation at 5 h 12"* West 

on October 17 

00.0 = change* due to latitude 

0 h 03"'.5 a.m. = local mean Mine of western elongation at 5 h 42'“ West 

and 40 1 North on October 17 

— 18.0 — dilTeienee between local mean time and standard time 

at 5‘* 42'" We it 

5" 45'".5 a.m. = standard time of western elongation at 5 h 42"* West 

and 40° North on October 17 

Or the same calculation, using Tabic VII, p. 518 of the 
American Ephemeris and Nautical Almanac, 1949, is 

0 1 08 m 3H\0 = civil time (local mean time) of upper culmination of 

Polans at Greenwich on October 17 

O'" 00" 0 = change due to date 

0 1 ' OS'" 38\0 am = local mean time of upper eulmmation at Greenwich 
on October 17 

— 5b' 0 = (5.7 X 0\K*2) = change due to longitude 

0 h 07"' 42 s .0 a.m = local mean time of upper culmination at 5 h 12 ,n West 
on October 17 

h 5*' fifi'" 48".0 = mean time interval between upper culmination and 

western elongation 

b 1, 03"' 30- 0 \ m == local mean time of western elongation at 5 h 42'" West 
on Octobei 17 

IS'” 00 s t) = difference between local mean time and standard time 
at 5" 42 m West 

5 l * 45"' 30-.0 a.m — siandaid time of western elongation at 5 h 42 m West on 
October 17 

The standard time of elongation obtained from the American 
Ephemeris is probably more precise than the one from the 
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abridged table in the Keuffcl and Esser Ephomeris. Either time, 
however, is sufficiently accurate for this observation. 

Step 2 (a). About thirty minutes before time of elongation, 
set up the transit at one end of the line the azimuth of which is 
to be determined. The vertical axis should be made precisely 
vertical with the telescope bubble or with a striding bubble. 
About five minutes before elongation, the star should be sighted 
and its direction transferred to a stake set under the star at a 
point at least 300 feet from the transit. Illumination of the 
sight at the stake is necessary. A series of double-sightings 
(telescope normal and reversed) should be made as rapidly as 
possible until about five minutes after the instant of elongation. 
The mean of each double-sighting should fall at the same point 
on the stake. 

Step 3 (a). From the table “Azimuth of Polaris at Elonga¬ 
tion” which may be found in the American Ephemeris and 
Nautical Almanac or in one of the abridgements of the Almanac 
published by instrument manufacturers, find the horizontal 
angle from true north to Polaris. Note that azimuth in this 
instance is east or west of north instead of clockwise from south 
and also that the value varies slightly for different latitudes and 
declinations. For example, Table 3 in the 1919 Keuffel and 
Esser Ephemeris gives the declination of Polaris for Oct. 16 as 
89°01'.69. In Table 7 the azimuth of Polaris is 1° 16'.2 wlum 
the latitude is 40° N and the declination is 89° 01'.69. 

For an observation at western elongation, true north may be 
located by turning 1° 16'.2 from the point as established in 
step 2 (a). In this case the meridian would lie east (to the right) 
of that established point. The angle should be turned by the 
method described in § 95. 

Alternative Procedure . Step 2 (b). About thirty minutes be¬ 
fore time of elongation set up at one end of the line and about 
five minutes before elongation sight toward a point at the other 
end of the line with horizontal verniers set at 0° ()()'. Then 
double-sight the horizontal angle to Polaris as many times as 
possible for a period of ten minutes. The mean horizontal angle 
is the angle between the line and the star. 
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Step 3 (6). Determine the azimuth of Polaris at elongation, 
•as in step 3 (a). Combine this with the horizontal angle a^ 
measured in 2 (6). The result is the true azimuth of the 
line. 

For example, if the average horizontal angle from the point to 
the star were 93° 22' 12" to the right as in step 2 (6), the 
azimuth of the line measured from south in a clockwise direction 
would be: 

180° - (93° 22' 12" + 1° 16' 12") = 85° 21' 36" 

The use of either of these two methods should give results 
within 30 seconds of the correct azimuth angle. Some difficulty 
may be encountered at certain times of the year due to the fact 
that both eastern and western elongation instants occur during 
the early evening and morning hours. Although Polaris may be 
observed during the daytime, it is not common practice to 
attempt a daylight observation with an ordinary transit. 

327. Polaris at Any Hour Angle. Excellent results of observa¬ 
tions for true azimuth of a line may be obtained by sighting on 
Polaris at any instant of time. The observation involves: 

(1) Determination of longitude of the place of observation 
from a reliable map or by making an observation for 
longitude (see § 340) 

(2) An accurate determination of the correct standard time 
of observation 

(3) Accurate measurement of the horizontal angle from a 
point to the star 

(4) Accurate measurement of the vertical angle to the star 

(5) Analysis of the data with the help of tables in the Amer¬ 
ican Ephemeris 

(6) Trigonometric solution of the PZS triangle. 

Steps (3) and (4) are possible only when the vertical axis is 
truly vertical. 

Example. An observation was made on Polaris at a place 
longitude 5 h 48 m 18 s .7 West on July 2, 1949. The temperature 
at the time of observation was 60° Fahrenheit. The data from 
the field notebook were: 
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Bubble 

Watch Time | 

t 

Horwovtal A MULE 1 

TO THE Ltl-r | 

Vertical Angle 

Down 

9 h 31 m 57* p.m. ' 

145°13'30" 

39° 40' 

up 

9 h 36"' 48* p.m. 

325° 13' 00" 

39° 40' 

Mean Valuer 

9 h 34 m 22".5 p.m. i 

1 

145°13'15" | 

39° 40' 


The chronometer* (checked by radio time signals) was 13\0 slow 
at 11 : 00 a.m. on July 2, 1949, and 15 N .5 slow at 11 : 00 a.m. on 
July 3. The watch was 18 fl .O faster than the chronometer at 
7 : 26 p.m., July 2 and 14 s .O faster at 10 : 45 p.m., July 2. 


A ii a lysis: 

(1) The chronometer rate of change was 2.5 seconds in 24 
hours. From ll h : 00 ,n a.m. July 2 to 9 h : 31 m p.m. = 10 h 34 m 
= 10.57 hours 


Chronometer correction* 



10 57 = 1.1 seconds 


The chronometer, therefore, was 13\0 + 1M = 14 H .l slow at 
the instant of observation. 

(2) The watch rate of change was 4 H .0 in 3 h 19 ,n = 3.32 hours. 
From 7 h 26 rn p.m., July 2 to 9 h 34"' p.m., July 2 = 2" 08“ = 2.13 
hours 

4.0 

Correction = Q ‘ X 2.13 = 2.6 seconds 

The watch, therefore, was 18".0 — 2 H .6 = 15.4 seconds faster 
than the chronometer at the instant of observation. 

(3) 9 h 34 ,n 22\5 p.m. = watch reading (mean) 

— 15\4 == watch faster than chronometer 

9 h 34“ 07 8 .1 = chronometer time of observation 

+ 14 s . 1 = chronometer slower than standard time 

9 h 34 ra 21\2 p.m.* = correct central standard time of obser¬ 
vation. 

(4) From The American Ephemeris and Nautical Almanac 
for 1949. 

l h 47 m 32\34 = right ascension of Polaris 
+ 89° 01' 16".94 = declination of Polaris 


* Determination of exact time is unnecessary to calculate declination. It is 
needed for an accurate value of the hour angle t. In practice the field watch is 
usually the chronometer thus eliminating the calculation of a chronometer 
correction. 
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Both values are taken from the table of Apparent Place of 
Polaris, and for the date July 2. 

From the same book from the Sun Ephemeris for Washington 
Apparent Noon. 

18 h 39"' 38 H .785 = sidereal time of 0 h civil time at Washington 
July 2 

18' 1 43 ,n 35 s .337 = sidereal time of () h civil time at Washington 
July 3 

18 h *11 ,n 37 H .()61 = average 
- 12“ 00“ 00 H 

G“41 ,,, 37 H .0()1 = sidereal time of Washington mean noon on 
July 2 


These relations are shown in Fig. 327. 



Fig. 327. Mean Time and Sidereal Time Relations. 

(5) From the table of Active Observatories of The American 
Ephemeris and Nautical Almanac, the longitude of Washington 
= 5“ 08“ 15 s .78 West. 


Greenwich 


Equator 


Sidereal Time of mh. MM 
—Pams atW.M.Nr-- 


/ Mean Sun at Washington 5 
Mean Noon 1^ 


Direction of 
Apparent Motion 


Fiu. 827a. Ar niK Kphkmkkix Instant. 

(7) Figure 327b represents relations at the instant of observa¬ 
tion. This instant is 9 h 3 4 m 21V2 p.m. and the place is longitude 
.V* 4S m 18 s . 7 West. 


& Polaris 
R.a. of Polaris 


Ro £!±St!n*J™LoL. 

observation 


1 

< 

Differencejn _ 

Longitude - 0 h T/ m 4/ r 3 

b * 
t j? 

t? 1 

Difference[n_ _ 

Longitude • 0 h 5l m 44t22 

*■ 

•5"08 m l5‘78- 

-5"48 m l8‘7— 

\MeanSun at instant ofobservation 


-t> h 00™00*— 

*7me elapsed between WMNond % 1 
'instant ofobservation 1P 


'-C.S.T. - H 




—Hour Angle of Polaris - 

- 24 hours - 


Fig. 327b. At the Instant of Observation. 
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At the instant of Washington mean noon the mean sun was on 
Washington meridian and at the instant of observation the mean 
sun was 9 h 34 m 21 8 .2 west of the 6 hour meridian (central stand¬ 
ard time). 

9 h 34 m 21 a .2 = central standard time of observation 
+ 0 h 51 m 44 H .22 = difference in longitude Washington and 6 h 
meridian 

10 h 26 ra 05".42 = time elapsed = 10.435 hours 

During these 10.435 hours of elapsed time both the mean sun 
and vernal equinox were apparently moving along the equator 
at uniform rates of speed but not at the same rate. The vernal 
equinox was moving at a faster rate than the mean sun. The 
right ascension of the mean sun was therefore increasing at a 
uniform rate. This increase, which amounts to about four min¬ 
utes a day (more exactly, 9.856 seconds per hour), is the differ¬ 
ence between a sidereal day and a solar day (see § 316). 

Therefore, the increase in right ascension of the mean sun 
since the cphemeris instant, Washington mean noon, was 

10.435 X 9*.856 = l m 42*.85, 

and therefore 

6 h 41 m 37\061 = right ascension of the mean sun at Washington 
mean noon 

+ l m 42*.85 

6 h 43 ,n 19\9ll = right ascension of the mean sun at instant of 
observation. 

The change in the right ascension of Polaris during these 
10.435 hours of elapsed time is so small that it may be neglected. 

(8) With the relative positions of the vernal equinox, Polaris, 
the mean sun, and the local meridian determined (Fig. 327b), 
it is possible to compute the hour angle at the pole between the 
local meridian and the hour circle through Polaris. 

0 h ll m 41\3 = difference in longitude between local merid¬ 

ian and 6 h meridian 

+ 9 h 34 m 21 s .2 = hour angle of mean sun referred to standard 

(6 h ) meridian 

+ 6 h 43 m 19 8 .911 = hour angle between mean sun and vernal 
equinox 
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16 h 29 m 22 q .41 = local sidereal lime of observation 
— l h 47 m 32*.34 = right ascension of Polaris 
14 h 41“ 50“.07 = hour angle of Polaris at place of observation. 

This value for the hour angle of the star indicates that the 
position of the star in its path around the pole is somewhere 
between lowei culmination and eastern elongation (see Fig. 
31 Ob) and that the hour angle inside the PZS triangle is 

24 h - 14 h 41 ni 30 H .07 = 9 h 18 m 09 fl .93. 

Expressing this in arc units, 

13 X 9 h 18 m 09\93 = 139° 32' 28".95 = angle at P . 

(9) The measured altitude of the star was 39 c 40'. This must 
In* corrected for refraction (parallax negligible). 

39° 40' measured altitude 
— Ol'.l refraction correction from Table 319 
39° 38'.9 = corrected altitude 

90°—39° 38'.9 = 50° 21'.1 = 50° 21' 06" = zenith distance = ZS. 

(10) The declination of Polaris, from the American Ephem- 
eris, is + 89° 01' 16".94 

90° - 89° 01' 16".94 = 0°58'43".06 = polar distance = PS 

(11) Solve the PZS triangle for the angle Z 



J 

Fia. 327c. The Astronomical Triangle. 
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sin P X sin PS 
~~ sin ZS 

sin 139° 32' 28".95 X sin 0° 58' 43".06 
sin 50° 21' 06" 

9.8121770 = log sin P 
8.2321738 = log sin PS 
8.0446508 

9.8861768 = log sin ZS 
8.1581740 = log sin Z 

Z = 0° 49' 28".7. 


sin Z — 
sin Z = 


(12) Figure 327(1 shows (he relation between the parts of the 
PZS triangle and the line, the azimuth of which is to be found 
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145° 13' 15" = measured horizontal angle 

+ 0° 49' 28".7 = calculated Z angle 

+ 180° 

326° 02' 43".7 = azimuth of line. 

Alternative Method. Another method for determining true 
north by observing Polaris at any hour angle is given in the 
Ephemeris tables published by Keuffel and Esser, C. L. Berger 
and Sons, and W. and L. E. Gurley. It involves the use of a 
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uble “Azimuth of Polaris at All Hour Angles.’’ Results by 
tlu-> method are of the same order of accuracy as those obtained 
b\ the above method. 

328. Latitude and Longitude from a Map. If latitude and 
longitude are determined from a reliable map or by observation, 
both field work and resulting calculations for azimuth are 
simplified. 


Ewmple. Assuming a scaled latitude for the place of ob¬ 
servation to be 40° 2U North,* PZ (Fig. 310b) - 90° - 10° 24' 
= 49° 30' and 

. Z /sin(.v - ZS) X sin (a - PZ) 
h,n 2 \ sin ZS X sin PZ 

\\h.>rc> .s- is 1 2 (PS + ZS + PZ). 


S()Ll T T 

ion : 






0° 

58' 

43".06 = 

PS 

•V - ZS = 

0° 06' 48".53 

50° 

21' 

06".00 = 

ZS 




49° 

36' 

00".00 = 

PZ 

.V - PZ = 

0° 51' 54".53 

100° 

55' 

49".06 





50° 

27' 

II 

io 

s 






z 

/sin 0° 

06' 48".53X 

o 

C 

.£ 

‘•7 

54".53 



sm 2 = 

\f sill 50° 21' 00" 

X sin 49° 

36'“ 


7.2967982 = 

log sin 0 

06' 48".53 




8.1789509 = 

log sin 0 

0 51' 54".53 




15.4757491 


9.8861767 = 

log sin 50 

° 21' 06' 


9.7681685 


9.8816918 = 

log sin 49 1 

°36' 

2! 

15.7075806 


9.7681685 




7.8537903 = log sin | 

§ = 0° 24' 33".06 
Z = 0° 49'06". 12 


* This value of latitude and the value for longitude of the place were scaled 
'in a United States Engineer’s map of the Wabash River and Valley. 
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and the resulting azimuth of the line (see Fig. 327d) is 

145° 13' 15" = the measured horizontal angle 

+ 0° 49' 06". 12 = the calculated Z angle 

+J80°_ 

326° 02' 21". 12 = the azimuth of line. 

Thus an azimuth may he obtained, if latitude and longitude 
are known, by measuring the altitude of the 1 star and by the use 
of ephemeris tables for declination. 

329. Equal Altitude Observation on Any Star. Reasonably 
accurate results for azimuth may also be obtained by selecting 
a certain star or several stars which can be easily identified 
The star or stars selected should be to the south of the observer 
and at altitudes between 20 and 50 degrees. 

Procedure: At any point of set-up of the transit and at in- 
’stants of time when the stars are east of the meridian, each star 
is sighted separately, vertical angles are read, and tacked stakes 
are set under each star by depressing the telescope. Each stake 
should be properly identified. 

After these same 1 stars have passed the meridian and are 
approaching an altitude equal to that of the first sighting, the 
vertical circle vernier should be set to read that altitude, the 
telescope pointed toward the star, and at the instant of the 
star's traverse over the intersection of the cross-hairs a point is 
again established on the ground by means of a tacked stake. 

The bisector of the angle from the first stake to the second 
stake is due south. 

The mean value of several nights' observations or of observa¬ 
tions made on several stars will yield a more accurate 4 result. 
This method is commonly used in tropical countries and gives 
values of azimuth within one minute. 

330. Azimuth from Solar Observations. Although observa¬ 
tions on the sun do not give results as accurate as those com¬ 
puted from star observations, such observations are made and 
used. This is due probably to the facts that daytime is more 
convenient for field work and that the results are sufficiently 
accurate for the purpose of the survey. 

Figure 330 illustrates the field method of obtaining the sun's 
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position by using a card held back of the eyepiece upon which 
the cross-hairs and the sun\s disk an 1 focused simultaneously. 



Fic. 330. Sun Observation. 


The preparations preliminary to the taking of field data for a 
un observation and the analysis of the data are similar to those 
tescnbed for a Polaris observation in § 327. In the following 
sample, a 19-49 Jveuffel and Esser Company Solar Ephemeris 
,s used in obtaining the ephemeris data. 
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Example. An observation was made on the sun at a pla< e 
longitude 5 h 48 m 18 8 .7 West on July 1, 1949. The tempcratun* 
at the time of observation was 80° Fahrenheit. The data from 
the field notebook were: 


Imaoi. 

Bubbl* 

Wakh Tim i- 

Il0RT7ONTAL 
Angi r 

TO TIf E Lf IT 

Vertical 

Angle. 

°+ 

Down 

9 h 04'“ 18' a.m. 

43° 13' 30" 

51° 14' 

•h. 

Up 

9 h 05"' 49' a.m. 

221° 59'30" 

51° or 


Mean Values 

9 h 05"' 03'.5 a.m. 

42° 36' 30" 

51° 07'.5 

i 


The chronometer* was 7.5 seconds slow at 11:00 a.m. on 
June 30 and 10 seconds slow at 11:00 a.m. on July 1. The 
watch was 28 seconds slower than the chronometer at 7:00 a.m 
on July 1 and 28*.5 slower at 9:30 a.m. 

A rmhfxis : 

(1) The chronometer* rate of change was 2.5 seconds in 
24 hours. 

From ll h 00 ,n a.m. June 30 to9 h 05 m a.m. July 1 = 22 h 05 m = 22M 

2 5 

Chronometer correction = ^ X 22.1 = 2.3 seconds 

The chronometer, therefore, was 7\5 + 2\3 = 9 S .8 slow at tin* 
instant of observation. 

(2) The watch rate of change was 0\5 in 2.5 hours. From 
7:00 a.m., July 1 to 9:05 a.m., July 1 = 2“ 05 ,n = 2.1 hours. 

0 5 

Watch correction = X 2.1 = 0.4 seconds 
2.0 

The watch therefore was 28* + 0\4 = 28.4 seconds slower than 
the chronometer at the instant of observation. 

(3) 9 h 05 m 03 s .5 a.m. = watch reading (mean) 

+ 28 8 .4 = correction, watch to chronometer 

-I- 09".8 = correction, chronometer to central 

standard time 

9 h 05 m 4r.7 a.m.* = corrected central standard time. 

(4) The following data are computed from solar ephemeris 

* See footnote, page 401. 
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tables. The ephemeris data are for instant 0 h Greenwich 
mean time. 


Daif 

Declination 

I)lMfcK»N('L 
for 1 Hour 

i 

Equaiion of 

I imf to Hi 

Si HI RAC 1 Fl> 

from Mfan 
Fimf 

\ ARIA rioV 

PF li Um K 

_ j 

July 1 

July 2 | 

X 23° 07'.3 J 
N 23° 03'. 1 1 

O'. 17 

3 ,n 38\8 

3 ,u 50 s . 3 

1 

0".4!» 1 

1 


'fliese data aie for the instant Greenwich mean noon. 

(o) Figure 330a represents relations existing between places 
and celestial bodies at Greenwich mean noon. 



In Fig. 330a the apparent sun, X, is shown above the equator 
and on the ecliptic because declination, 5, is north. The line 
representing the ecliptic slants downward to the left because at 
this season the sun’s declination is decreasing. 

The mean sun, 0, is shown on the equator and west of the 
apparent sun, A r , because on July 1 the equation of time K 
? »uist be subtracted from mean time to get apparent time. 

(6) Figure 330b represents relations at the instant of observa- 
on. For this observation the instant is 9 h 05 ni 41 8 .7 a.m. The 
'ace of observation is 5 h 48 m 18 H .7 west longitude. 

At the instant Greenwich mean noon, the apparent sun was 
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0 h 03 m 38".8 east of Greenwich meridian. At the instant of 
observation the mean sun was 12 h — 9 h 05 m 41 8 .7 = 2 h 54 m 18 8 .3 
east of the standard meridian. 



fJMour Angleof_ 
Apparent Sun 
12 h -Standard Time 


Equator 


Ecliptic 


\MS at Inst of Obser 




ft* 




MS at 6 A U 


Difference m Longi¬ 
tude* 0 h J/ m 4l'S 


< _J FLfyuptiM of Time at] 

” Instant of Observation 
^ Hour Angle which Mean_^ 
Sun Traversed since 6 A N 


- 5 h 48 m !8 s 7 

- 6 h 00 m 00 i - 

Fig. 330b. At Instant of Observation. 


Therefore 6 h — 2 h 51 nl 18 s .3 = 3 h 05 ,n 4I s .7 represents the 
liour angle through which the mean sun traveled between the 
two instants of time represented by Figs. 330a and 330b. 
During these time elapsed hours, the declination of the apparent 
sun decreased from 8 to 5' and the equation of time increased 
from E to E\ 

3 h 05 m 41\7 = 3.09 hours 

The rates of changes for both E and 8 as given in the solar 
ephemeris make possible the calculation of values for 8' and 7?', 
3.09 X 0'.17 = 0'.5 = change in 5 
3.09 X 0\49 = 1".5 = change in E, 

and therefore 

23° 07'.3 - 0'.5 = 23° 06'.8 = 5' 

90° — 23° 06'.8 = 66° 53'.2 = polar distance of sun = PS 

side of the PZS triangle. 

0 h 03 m 38 s .8 + 1 8 .5 = 0 h 03 m 40 8 .3 = E\ 

At the place of observation (local meridian) the hour angle of 
the apparent sun is (see Fig. 330b) 
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2 h 54 m 18\3 = hours until noon 
+ () h 03 m 40^3 = E' 

2“57 ,n 58\6 = hour angle between apparent sun and stand¬ 
ard meridian. 

— O' 1 ll ,u 41 8 .3 = difference in longitude between local meridian 
and standard meridian. 

2 h 46 n ‘ 17\3 == hour angle of apparent sun at place of observa¬ 
tion. 

2 h 46 ,n 17 fl .3 X 15 = 41° 31' 19".5 = angle P in the PZS triangle. 

(7) rp hc measured altitude of the sun’s center must b n cor¬ 
rected *.or parallax and refraction. From Table 319 this correc¬ 
tion is tound to be 00'.6. 

51°07'.5 = measured altitude 
— OQ',6 = parallax and refraction correction 

51° 06'.9 == true altitude of sun 

and therefore 

90° — 51°06'.9 = 38°53'.l = zenith distance of sun = ZS side 

of the PZS triangle. 

(8) Figure 330c represents relations for these data and calcu¬ 
lations. 
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(9) This PZS triangle* (Fig. 330d) must now be solved for tin- 
angle at 7j. 



Co-latitude*PZ 


5 

Fig. 330(1. 


sin 7» 


sin P X sin P_S 
sin ZS 

sin U° 34' 19".5 X sin 66° 53'.2 
sin 38° 53'. 1 


9.8218813 = log sin P 
9.9636604 = log sin PS 
9.7855417 

9.7977932 = log sin ZS 
9.9877485 = log sin Z 

Z = 76° 27' 16" or 103° 32' 44". 


Since the observation was made when the sun was approaching 
the meridian and obviously south and east of the observer, the 
larger of the two Z angles is inside the PZS triangle and the 
azimuth of the line is determined as in Fig. 330c. 



Fig. 330e. Azimuth Rklvtions. 
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42° 36' 30" = measured horizontal angle 
103° 32' 44" = angle Z in PZS triangle 
180° 

326° 09' 14" = azimuth of line. 

331. Latitude and Longitude Known. As shown in § 328 
when both latitude and longitude are sealed from a reliable map 
or obtained by observation, the azimuth of the line may Ik 1 easily 
computed. In this ease it is necessary to measure horizontal 
and vertical angles to the sun. Correcting the vertical angle for 
parallax and refraction makes possible the calculation of the 
ride ZS. With PZ (co-latitude) known, angle 1 Z is found by sub- 
stitution in formula 324a. This angle, combined with the meas¬ 
ured horizontal angle, gives the required azimuth. 

Latitude Observations 

332. Observations at Culmination. Any celestial body reaches 
its maximum altitude when it is on the meridian of the observer. 
At that instant of time, as explained in §312 and shown in 
Figs. 312 and 312a, the latitude of the place 1 of observation may 
be determined quickly, accurately, and without involved com¬ 
putations. 

Ilenvever, in order to make 1 such an observation, it is necessary 
to have cither an established mc'rielian or the 1 watch time 1 of 
culiuimition. This latter is determinc'd by calculation before 1 
the* observation is attempted. 

333. Latitude on an Established Meridian. The determina¬ 
tion e>f latitude e>f any point of set-up on the* meridian is made 1 
by measuring the 1 altitude* of the* ceiestial body at meridian 
passage, correcting that measured altitude to true* altitude and 
then combining certain ephemeris elata with the* true* altitude. 

For example, in Fig. 312a which shows a Polaris observation 
:, t lower culmination, 

IPS' = measured altitude* of Polaris corrected for refraction. 

S'P = polar distance of Polaris = 90° — declination. 

IPP = altitude of pole = latitude of place. 

IPP = H'S f + S'P (formula 312c). 
upper culmination 
IPP = H'S - SP (formula 312b). 
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Figure 312 illustrates conditions when the observed celestial 
body is the sun. 

In this case the horizontal cross-hair is made tangent to the 
sun's disk at either the lower or upper edge. In Fig. 312 

HS = true altitude of sun's center. 

HS = measured altitude of the sun’s upper or lower edge, cor¬ 
rected for parallax, refraction and semi-diameter. 
Values of these correction factors may be found in the 
solar ephemeris. 

ES = declination of the sun at local apparent noon. 

EZ = latitude of the place of observation. 

EZ = 90° - IIS + ElS (formula 312). 

When the sun's declination is south (sun below equator) 

EZ = 90° - HS - ES (formula 312a). 

When observations such as these are made with a transit, it 
is usually necessary because of the sun’s altitude that the in¬ 
strument be equipped with a prismatic eyepiece. The altitude 
should be double-sighted, one* reading taken on the upper edge 
of the sun and the other on the lower edge. The mean of the 
two readings eliminates the necessity for the semi-diameter 
correction to the measured altitude. 

334. Time of Culmination. Without an established meridian, 
altitudes at culmination may be determined by rapidly measur¬ 
ing a series of altitudes, beginning the measurements before 
meridian passage of the celestial body and discontinuing opera¬ 
tions when the vertical angles begin to decrease. The maximum 
value is obviously the altitude at culmination. Either the tran¬ 
sit or sextant may be used for this purpose. 

In Polaris observations, it is possible to sight on the star with 
the transit a few minutes before culmination, and when the star 
remains on the horizontal cross-hair for at least one full minute, 
quickly double-sight the vertical angle. 

For Polaris observations, the approximate time of either 
culmination or elongation of the star may be determined by 
reference to Fig. 127. 

In this figure, the dashed line which connects the second star 
in Casseopeia (5 Casseopeia) with the second star in the handle 
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of the Big Dipper (f Ursa Majoris) passes approximately 
through Polaris and the Pole. When this line is vertical, the 
Mar (Polaris) is very near culmination. When the line is parallel 
to the horizon, the star is near its elongation position. 

For a more accurate determination of time of elongation or 
culmination, ephemeris tables must be used. Such tables give 
the civil date and civil time of culmination or elongation for 
Mime standard meridian such as either Greenwich or the 6 h 
meridian. These tabular values of time must be corrected for 
date and place, the final correction being for the difference be¬ 
tween standard time and local mean time at the place of observa- 
tion. For example, if an observation were to be made on Polaris 
at upper culmination on December 18, 1919, the place being 
Rov-i Camp (longitude 5 h 18 m 18 s .7 West), the calculations in- 
\olved in determining the time of culmination are as follows:* 

s h 08 ,a .4 p.m. = civil time of upper culmination at Greenwich, 
latitude 40°, Dec. 16 

— 7 m .86 = 2 X 3 m .93 = decrease per day 

V 1 (H)" 1 .34 p.m. = civil time of upper culmination at Greenwich, 
Dec. 18 

— 0 ,,1 .90 = 3.8 X .16"' = correction for local longitude 

7 h 39 m .61 p.m. = local civil time of upper culmination at Boss 
Camp, Dec. 18 

— ll ,u .69 = 6 h — 5 h 48 m 18 s .7 = difference in time between 

Ross Camp and standard (6 h ) meridian. 

7 h 17 n, .95 p.m. = central standard time at Ross Camp when 
Polaris is at upper culmination on Ross 
Camp meridian 

Although calculations such as these give instants of culmina¬ 
tion or elongation accurately, the exact values of these instants 
uv not required for most observations. At culmination the 
ipparent movement of Polaris vertically is a minimum; at 
' longation changes in horizontal angle are difficult to detect. 

11, therefore, the time of culmination were determined with an ac- 
' uracy of ± five minutes, the resulting calculated latitude would 
' ‘ precise to less than one minute. If an elongation observation 

* In this calculation, the correction for latitude is neglected. See Table 8 
die KeufFel and Ksser Ephemeris 
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were made within five minutes of the exact time, the resulting 
azimuth would in all probability be within one minute of the 
true azimuth. 


335. Latitude from Polaris at Any Hour Angle. When an 
observation is made on Polaris as described and analyzed m 
§ 327 but one additional step is necessary in order to determine 
the latitude of the place of observation. 

Referring to Fig. 310b, 

PZ = co-latitude of the place and, therefore, 

tan 1 2 1/2(P—Z) tan 1/2(/V? + 

139° 82' 28".95 = P 189° 32' 28".95 = P 

0°49'28".70=Z 0°49'28".70=Z 

2 | 140°21'57".65 = P + Z 2| 138°43'00".25 = P - Z 
70° 10'58".82= l/2( P+Z) 69°21'30".12=l/2(/ , -Z) 

0° 58' 43".06= PS 
50° 21'06".0 =ZS 
2 | 51° 19'49".06 = PS + ZS 
25° 39' 5 4".53 = 1 /2(PS + ZS) 


tan 1/2 PZ = 


cos 70° 10' 58".82 
cos 69° 21' 30".12 


tan 25° 39' 54".53 


9.5302216 = log cos l/2(P + Z) 

9.5471860 = log cos 1/2 (P - Z) 

9.98:10356 

9.6817102 = log tan \/2(PS + ZS) 

9.6647458= log tan 1 '2 PZ 

24° 48'08" = 1/2 PZ 
X 2 

49° 36' 16" = PZ = co-latitude 

90° - 49° 36' 16" = 40° 23' 44" = latitude of place. 


336. Latitude from the Sun at Any Hour Angle. In the PZS 

triangle (Fig. 330d), the side PZ is the co-latitude of the place. 
The completion of the analysis of the data follows. 

tan 1/2 PZ. ^ | 'gtS ton m(PS + ZS) 
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2 


103°32'44".0=Z 
41° 34' 19'^5=P 
145° 07' 03".5 =Z+P 
72°33'31".8 = l/2 (Z+P) 


103°32'44".0=Z 
41° 34' 19".5=P 
2 L_ 6 I° 58'24".5=Z-P 
30° 59' 12".2=1/2 (Z- P) 


66°53'12".0=PN 
38°_53' OC'M) =ZS 
105°46' 18'M)=PS + ZS 
52° 53' 09".0=1/2(PS + ZS) 


Uml'2PZ= 


cos 72° 33' 31'".8 
cos 30° 59' 12".2 


tan 52° 53' 09'.0 


9.4767249 = log cos 1/2 (Z + P) 

9.9331260 = log cos 1/2(Z - P) 

9.5435989 

0.1210861 = log tan 1/2(PS + ZS) 

9.6646850 = log tan 1/2 PZ 
24° 47' 57" = 1/2 PZ 
X 2 

49° 35' 54" = PZ 

90° - 49° 35' 51" = 40° 24' 06" = latitude of place. 


Longitude and Time 

337. Principles of Observations. Determination of the longi¬ 
tude of the place of observation or of the watch correction at 
the instant of observation are required infrequently in field 
surveying operations. 

The general theory upon which such observations are based 
has been developed in the preceding pages of this chapter. The 
particular theories involved are that all celestial bodies reach 
their maximum altitude at meridian passage and that, since 
relations between the different bodies may be computed with 
the aid of ephemeris tables, observations for these purposes are 
taken on established meridians. 

It should be remembered that local noon, mean or apparent, 
is that instant of time when the mean or apparent sun is on the 
local meridian. Another important principle is that a definite 
relation exists between longitude and time, also between sidereal 
time and right ascension. These relations are explained in § 317 
and § 318. 
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338. Time at Local Apparent Noon. With the longitude of 
the place known and a meridian established, the transit is 
oriented in the meridian and pointed toward the path of the 
sun. The watch time instant when the preceding edge of the 
sun’s disk is tangent to the vertical cross-hair is noted. The 
telescope is then quickly double-sighted and the same operation 
repeated. The second watch reading is taken when the following 
edge of the sun’s disk is tangent to the vertical cross-hair. The 
mean of the two watch readings is the watch instant of meridian 
passage of the sun’s center. 

To determine the error in the watch time, it is necessary to 
analyze the relations as shown in Fig. 338. 



S represents the position of the apparent sun at Greenwich 
mean noon; S' at local apparent noon. 

M represents the position of the mean sun at Greenwich 
mean noon; M' at local apparent noon. 

E is the equation of time at Greenwich mean noon for the 
date of observation. The relative positions of the mean sun and 
apparent sun at Greenwich mean noon are determined from 
the ephemeris. In Fig. 338 E is to be added to mean time to 
get apparent time. The apparent sun is therefore ahead of 
(west of) the mean sun at Greenwich mean noon. 

E ' represents the equation of time at local apparent noon. 
E' = E ± difference in longitude between Greenwich and the 
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local meridian (expressed in hours) multiplied by the variation 
m E per hour. 

At the instant of loeal meridian passage of the apparent sun, 
the standard time watch should read the hour angle represented 
bv the difference in longitude between the local and standard 
meridian zb E'. The actual watch reading at observation com¬ 
pared with the calculated reading is the watch correction. 

For example, a time observation made at the place 5 h 18 ,M 18 s 7 
West on December 2, 1940, gave a mean watch reading of 
ll h 39 m 02 s a.m. 

The calculation of the watch correction is: 

() h 10 m 3G\2 = Ej from the solar ephemeris, Greenwich mean 
noon 

0 s .96 = variation of E per hour (ephemeris) 

.V 1 1S ,M 18\7 = 5 h .8 -= difference in longitude, Greenwich to 
local meridian 

.5.8 X 0\96 = 5 S .6 = change in E 

E is decreasing between December 2 and December 3, t herefore 
0 h 10 m 36 s .2 - 5 s .6 = 0 h 10“ 30 B .6 = E’ 

6 h — 5 h 48“ 18 s .7 = 0 h ll m 41 s .3 = difference in longitude be- 
twmi standard meridian and local meridian 
0 h ll ,u 41\3 + () h 10 m 30 s .6 = () h 22 m 11 8 .9 a.m. = mean time 
hour angle 

12 h — 0 h 22“ 11 8 .9 == ll h 37 m 48 s .l = correct standard time of 
local apparent noon 

11" 39“ 02 s .0 - ll h 37 m 48 s . 1 = 1“ 13\9 = watch ahead of cor¬ 
rect standard time 

339. Time from a Star Observation. An inspection of either 
Fig. 318 or Fig. 318a shows that when a star is in the meridian 
of the observer (hour angle = 0 h ), the local sidereal time at that 
instant is equal to the right ascension of the star. 

Since values of right ascensions of all important stars are 
tabulated in the American Ephemeris and Nautical Almanac, 
t he relation mentioned above is a useful one in determining time 
tt meridian transit. 

A set-up is made on an established meridian, the longitude of 
'vhich is known. A prominent star, easily identified and prefer- 
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ably near the celestial equator, is sighted as it crosses the 
meridian. The watch time of meridian passage is recorded. 

Two values are obtained from the American Ephemeris: the 
right ascension of the star for the date of observation and the 
civil time of 0 h sidereal time at Greenwich. 

Example. An observation made on Rigel (0 Orionis) at Ros< 
Camp (5 h 48 m 18 s .7 West) on Feb. 10, 1949 resulted in a watch 
time (central standard time) of 7" 38 ra 40" p.m. 

The American Ephemeiis gave 5 h 12 ,u 05 s .70 as the right 
ascension of the star and 11 11 38“ 38\45 as the civil time of 
0 h sidereal time at Greenwich. 



Fig 339 Time from k Star Observation. 


Analysis: 

5“ 18 ,n 18". 7 
5 h 12 m 05 s . 70 
ll h 00™ 24 s .40 


- l m 48". 19 
10 h 58“ 3(5".21 

6 h 00 m 00 s 
2 h 38 m 38\45 
3 h 21“ 21".55 


= local longitude 

= right ascension of star (from ephemeris) 

= hour angle traversed by vernal equinox 
since 0“ sidereal time at Greenwich 
(sidereal time units) 

= conversion table (C) 

= equivalent solar interval = hour angle 
traversed by mean sun (solar units) 

= longitude of standard meridian 
= civil time of 0 h sidereal time at Greenwich 
= until noon (central standard time) at 
Greenwich 0 h (sidereal time) 
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= moan time hours since 0 h Greenwich, 
sidereal time 

—3 h 2 i m 21 s .55 = mean time hours until noon (C.S.T.) 

7 h 37 m 14 n .66p.m. = correct central standard time of upper 
transit of star 

7 h 38 m 40 p.m. = watch time at instant of transit 
l m 25 8 .34 = watch fast 

340. Observations for Longitude. The difference in longitude 
between two places oil Earth may be determined by observing 
the difference in time 1 of meridian passage of the same celestial 
body over established meridians at each of the two places. 
Radio or telegraphic communication between the two places 
mu-4 be established so that interchange of signals and the syn¬ 
chronization of time pieces is as accurate as possible. 

In order to determine the longitude of an established meridian, 
the approximate longitude may be obtained from a map. The 
standard time of meridian passage of a celestial body is then 
computed for the assumed longitude as in §339. Comparing 
this calculated time with the actual watch time of observation 
gives the error in the assumption of longitude. A good watch or 
chronometer and close checking of radio time signals is neces¬ 
sary. Several trials, reducing the error in each successive esti¬ 
mation of longitude, should yield satisfactory results. 

341. Precision. A comparison of results of astronomical 
observations, especially those made for azimuth or latitude, 
leads definitely to the conclusion that star observations yield 
better values. The United States Geological Survey instruc¬ 
tions * to field parties, for example, clearly state that sun 
observations for azimuth “should be used only when authority 
is obtained in advance from the Chief, Section of Computing,” 
and that Polaris observations “are more accurate than solar 
observations, are easier to compute, and under favorable 
weather conditions are easier to make.” Such observations 
' ,( 4d values within 30 seconds of true azimuth. 

On the other hand, the Bureau of Land Management’s 
‘ Manual of Instructions for the Survey of the Public Lands of 


* Instructions for Transit Traverse , United States Geological Survey, 1940. 
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the United States” describes in detail the solar transit, and 
Mr. Arthur D. Kidder, District Cadastral Engineer, recom¬ 
mended the use of the Smith attachment in a paper presented 
at the 1940 Conference of Surveying Teachers. True meridians 
may be established with this attachment within one and one- 
half minutes. 

Under any circumstances it must be remembered that accu¬ 
racy of results of astronomical observations depends largely 
upon the type of instrumental equipment, its adjustment, and 
upon the care exercised in its manipulation. The instant of 
observation must be read from a good watch rated by radio time 
signals or by Western Union Telegraph Company time signals. 


OUTLINE FOR CONSTRUCTION OF STRAIGHT LINE DIAGRAM 
SUN OBSERVATION AT ANY HOUR ANGLE 

1. From Kphemeris data calculate values for declination and equation of 
time at Greenwich Mean Noon for the date of observation and foi 
the following date. These values for any date are averages of the 
tabular values for the preceding and following Greenwich 0 hour 
instants. 

Example: Date of observation Dec. 6, 1949 


D*cmnaiion Equation ok Time 


Date | 

_ 1 

f 

1 0 Homs 

i Moan Noon Kate 

0 Ilouis 

Mean Noon 

Hate 

Dec. 6 

S 22° 26'.0 

S 22° 29'.6 O'.31 

i 9 m 12 s . 2 

8 m 59\6 

1\04 

Dec. 7 

1 S 22° 33'.2 

S 22° 30'.6 

8 ,u 47".0 

8 m 34U 


Dec. 8 

S 22° 40'.0 

1 

8 m 21-.2 




2. Draw a horizontal line representing the equator. Draw a vertical line 

representing Greenwich. Draw vertical lines representing local and 
standard meridians. 

3. Is declination south or north? (Sec the Ephemeris.) Is declination 

increasing or decreasing? The apparent sun moves along the ecliptic. 
Its distance from the equator is the declination of the sun. Draw a 
line representing the ecliptic. 

4. Where is the mean sun at Greenwich mean noon? Show by 0. 

5. Is the apparent sun ahead of or behind the mean sun? (See Ephem¬ 

eris.) Draw a vertical line and show the apparent sun by X at 
Greenwich mean noon. Show by E the Equation of Time at Green¬ 
wich mean noon. 
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6. What is the standard time of observation? Show the mean sun’s 

relation to the standard meridian at instant of observation. Is this 
Standard Time? Show the apparent sun’s position at the same 
instant. Indicate by letter E ' the equation of time at instant of 
observation. Is E' equal to E ? 

7. Show by d the declination at Greenwich mean noon. Show by d ' the 

declination at instant of observation. Is d = <i'? 

5. Show on the diagram by letters T. E. the interval of mean time elapsed 

between the two instants: (1) Greenwich mean noon and (2) Instant 
of observation. 

1). Show the hour angle of the apparent sun at instant of observation. 
Mark it ?. 

To Calculate E' and d' 

10. In the Ephemeris find the rate of change of E per hour. Using T. E. t 

find the change in E. Is E increasing or decreasing? Calculate E f . 

11. In the Ephemeris find the rate of change of d per hour. Using T. E. t 

find change in d. Is d decreasing or increasing? Calculate d'. 

12. Compute value of t and express it in arc units. 

OUTLINE FOR CONSTRUCTION OF STRAIGHT LINE 
DIAGRAMS POLARIS AT ANY HOUR ANGLE 

1. Draw two figures representing: (1) conditions at Washington 
mean noon, (2) at instant of observation. Washington longitude 
= 5 h 08 m 15\78 W. 

2 In the American Ephemeris find right ascension and declination of 
Polaris for the date and place, also Sidereal Time of Washington 
Mean Noon. This second value is found by interpolating in the table 
(Sun for Washington apparent noon) which gives values for Sidereal 
Time of 0 h Civil Time at Washington. 

To Construct Figure (D 

•1. Draw a horizontal line representing the equator. 

1. Draw a vertical line and label it Washington meridian, 
o. Where is the mean sun at Washington mean noon? Show on the 
figure by 0. 

6. Show by vertical lines the Standard Meridian and Local Meridian. 

7. Show on the diagram difference in longitude between Washington 

meridian and standard meridian, also between Washington meridian 
and local meridian. 

8. Show the position of the vernal equinox on the diagram. Mark it V. 
Draw a vertical line representing the hour circle through Polaris. Show 
Polaris. Wliat is the right ascension of Polaris from the Ephemeris? 

Show the right ascension of Polaris. Mark it II. A. 

Id. Show the right ascension of the Mean Sun by R.A.M.S. What rela¬ 
tion does this bear to the Sidereal Time of Washington Mean Noon? 
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To Construct Figure (2) 

11. Draw a horizontal line representing the equator. 

12. Draw a vertical line representing Washington meridian. 

13. Draw vertical lines representing the local and standard meridians. 

14. Show difference in longitude as above. 

15. Show the position of the Mean Sun at the instant of observation. 

16. Mark the distance representing the Standard Time of observation. 

17. Show by V the position of Vernal equinox at instant of observation. 
IS. Draw a vertical line representing the hour circle through Polaris at 

the instant of observation. 

It). Show the right ascension of Polaris and of the Mean Sun at the instant 
of observation. 

20. Right ascension of Mean Sun increases at the rate of 0.856 second^ 

j>er hour 

21. How many hours have elapsed since Washington Mean Noon? 

22. Mark this by T. E. on diagram. 

23. Calculate T. E. 

21. Calculate change in R.A.M.S. since Washington mean noon. 

25. Calculate E.A.M.S. at instant of observation. 

26. Show by / the hour angle of Polaris at instant of observation. 

27. Calculate value of t and express it in arc units. 


PROBLEMS 

1. What is the zenith distance of the north pole at a place, the latitude 

of which is (a) 10° North 9 (b) 25° North? (c) 90° North? (d) 0°" 
(o') 42° 13' North? (f) 16° 28' Noith? Am. (a) 50 

2. The latitude of Washington, D. C., is 38° 55' 14".0 North; ol 
Cincinnati is 39° OS' 19".S North; of Denver is 39° 10' 36".4 North; of St 
Louis is 38° 38' 03".0 North; of Mt. Wilson, Calif., is 34° 12' 59".5 North 
and of Columbia, Mo., is 38° 56' 51 ".7 North. 

(a) What is the declination of a star which culminates at the zenith ol 
each of these places? Show this by means of a sketch. 

Arts. At Washington 38° 55' 14".0 North 

(b) What is the zenith distance of Sirius at each place when the star is 

on the meridian of that place? The declination of Sirius is 16° 38' South 
Sketch the relations. Am. At Washington 55° 33' 14".0 

(c) What is the altitude of Polaris at upper culmination and at lower 

culmination at each place? The declination of Polaris is 89° 01' 50" North 
Sketch the relations. Am. At Washington at u.c. 39° 53' 24".0 

at l.c. 37° 57' 04".0 

3. Convert the following intervals of sidereal time into equivalent 
mean solar time intervals. 

(a) 6 b 20 m 15\6, (b) 12 h 56 m 37-.0, (c) 2 h 17”‘ 18\7, (d) 18 h 20 m 37\6, 
(e) 23 h 46 ,n 26».9, (0 9 h 59^ 16\9. Am. (a) 6 h 19 m 13’.3 



PROBLEMS 


427 


4. Convert the following intervals of mean solar time into equivalent 
Mtlereal time intervals. 

<ji) 12 h 43 m 16’.4, (b) 6 h 12'" 19\8, (c) 23 h 01'“ 17".7, (d) 2 h 37*" 44’.4, 
u*) 9 h 56 ,n 16’.S, (f) 15 h 08'“ 1)6".4 Ans. (a) I2 h 45" 21’.8 

5. The longitude of Washington, D. C., is 5 h 08“ 15".78 West; of 
Cincinnati is 5 h 37 m 41*.40 West; of Denver is 6 h 59'“ 47’. 72 West; of 
St. Louis N 6 h 00"' 49 s .26 West; of Mt. Wilson, Calif., is 7 h 52 m 14\33 West; 
and of Columbia, Mo., is 6 h 09 m 18".33 West. What is the longitude of 
each place expressed in degrees, minutes and seconds? 

Ann. Washington 77° 03' 56".7 West 

6. (a) If the local mean time at St. Louis is 2 h 45 m p.m. what is the local 

mean time at that same instant at all other places listed in problem 5? 
Sketch the relations. .4 ns. \t Washington 3 h 37“' 33\48 p.m l.m.t. 

(1)1 The same as (a) except local mean time is 9 h 32"* 15" \.m. 

Ann. At Washington 10 h 24” 48’.48 a.m. l.m.t. 

(e) The same as (a) except substitute the words “sidereal time" for 
“local mean time.” Awft. At Washington 3 h 37 ra 33’.48 sid. time. 

(d) The same as (a) except substitute the words “standard time” for 

local mean time.” Ans. At Washington 3 h 45'“ p.m. JC.S.T. 

(e) If the local mean time at St. Louis is 2 h 15 m p.m. and the date July 1, 
what is the local apparent time at that same instant at all other places 
lifted in problem 5? Sketch the relations. Use ephemens data. 

.4ms. On Julv 4, 1949, the equation of time at 
Or. M. Noon was 4'“ 12".4 to be sub¬ 
tracted from mean time, variation O’. 45 
per hour. The local app. time at Wash, 
was 3 h 33 m 17’.IS p.m. 

(f) The same as (e) except local mean time is 9 h 32'" 15’ a.m. and the 

date Nov. 11. Ans. E on Nov. 1 1, 1949, at Or. M. Noon w r as 

15"' 57".6 to be added to mean time, 
variation 0V2X per hour. The local app. 
time at Wash, was 10 h 40'" 45".09 a.m. 

(g) Find the local apparent times at the places 8 mean time hours after 
the instant of time of problem (e). 

Ans. On July 4, 1949, E was increasing at 
0’.45 per hr. The local app. time at 
Wash, was ll h 33 m 13\54 p.m. 

(h) The same as (g) except substitute the words “problem (f)” for 

problem (e).” .4ws. On Nov. 11, 1949, as in problem ff) 

E was decreasing at 0 H .27 )>er hour. 
The l.a.t. at Wash, was 6 1 ' 40 m 42\96 p.m. 

7. The measured altitude of a star is (a) 23° 15' 10", (b) 46° 28' 40", 
0 56° 28' 15", (d) 19° 10' 30", (e) 65° 19' 50", (f) 32° 12' 00". The 
°mperature is 50° Fahrenheit. Compute the true altitude of the star. 

Ans. (a) 23° 12' 55" 

8 . The measured altitude of the sun’s center is (a) 15° 20' 30", (b) 24° 
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08' 40", (c) 65° 42' 30", (d) 36° 18' 10", (e) 53° 19' 30", (f) 45° 08' 10". 
The temperature is 77° Fahrenheit. Compute the true altitude of the sun. 

Am. (a) 15° 17' IS" 

9. Observations are made on stars at culmination. The measured 
altitudes and temperature are as given in problem 7. From an ephemeris, 
the declinations of the stars are (a) 10° 12' 06" N., (b) 6° 07' 12" S., 
(c) 24° 19' 26" N., (d) 53° 08' 12" N., (e) 17° 18' 22" S., (f) 48° 09' 16" X. 
What are the latitudes of these places of observation? Sketch the relations. 

Am. (a) 76° 59' 11" X. 

10 . Observations are made on the sun at local apparent noon. The 
measured altitudes and temperature are as given in problem 8. From an 
ephemeris, the declinations are (a) 10° 12'. 3 N., (b) 6° 07'. IS., (c) 22 
10'.4 S., (d) 23° 08'.5 N., (e) 17° 16'.4 N., (f) 12°08'.7S. What are the 
latitudes of these places of observation? Sketch the relations. 

Am. (a) 84° 55' X. 

11. Using an ephemeris, construct diagrams showing conditions at the 
ephemeris instant and at the instant of observation (see Figs. 330a and 
330b) for a sun observation. 


Standard Time of 

1 Ohhkkva'iion 

i 

Place 

Date 

(a) 

l() h A.M. 

Washington 

January 10 

<i>) 

3 h r.M. 

Cincinnati 

March 11 

(<•) 

9 h A.M. 

Denver 

April 10 

(»i) 

2 k P.M. 

Mt. Wilson 

July 16 

(<■) 

10 h 30'“ A.M. 

Columbia, Mo. 

September 10 


12. Using the American Ephemeris and Nautical Almanac, construct 
diagrams showing conditions at the ephemeris instant and at the instant of 
observation (see Figs. 327a and 327b) for a Polaris observation. 



Standard Time ok 
ltVAlIOV 

Place 

Date 

(a) 

8 h P.M. 

Washington 

January 10 

: o>) 

9 h 30™ P.M. 

Cincinnati 

March 11 

; «•) 

12 h 30 m A.M. 

Denver 

April 10 

«n 

l h A.M. 

Mt. Wilson 

July 16 

(e) 

3 h 30 ,u a.m. 

Columbia, Mo. 

! 

September 10 


13. Find the Standard Time of eastern elongation of Polaris at Denver 
for the following dates: 

(a) Feb. 6, (10 June 1), (cl Oct. 26, (d) Apr. 4, (e) Dec. 1. 

A m. See § 326 

14. Find values for angle Z and side PZ m the following spherical 
triangles: 
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Sim. ZS 

j Sim Pm 

j Wt.I.K P 

fa) 

43° 52' 

77" 2S' 

1 

i 2 h 4S'» 00- 

(b) 

33° OK' 

1K° 13' 

! 2 U 01 1,1 00- 

(c) 

12° 30' 20" 

1(\) 31'23" 

! P'59" 10- 

fd) 

59° 50' 1 1" 

19 47'50" 

| K h 12'" 05- 

(e) 

52° 10' 22" 

f»2M)J' 19" 

l 1 ' oi-oo- 

(0 

69° 4K' 47" 

i 

112° 02'12" 

.4/is. Z = 70 

3 1 ' 24'" 10- 

' 2 )' 1 0" or 10.) * 3J' 


Tin* larger Z angle is inside and PZ = 53° 32' 5 )". 
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CHAPTER XXII 


VERTICAL CONTROL 

342. General Statement. A planimetric map of an area con¬ 
sists of the representation to a chosen scale of all physical 
features, natural or man made, existing within the area. The 
horizontal control, of all orders, established over the area fur¬ 
nishes the framework by which each topographic detail is placed 
in its proper position on the map. 

Similarly, if it is desired to show by some artificial means, 
such as hachures or contours, the relative differences of eleva¬ 
tion over the area it becomes necessary to establish a system 
of vertical control. This is analogous to horizontal control in 
that it comprises a general level net of a high order of precision 
interlaced with connecting lines of somewhat lower order. 
These correspond to the principal! triangulation or traverse con¬ 
trol, and the supplementary traverses, respectively. 

343. Establishment of Control. The vertical control system 
should bo planned according to the needs of the job and after 
careful reconnaissance over the area. Each level line should be 
a loop ending at its place of beginning or closing upon another 
loop of equal or higher precision. Permanent bench marks 
should be established at reasonable intervals. There is no hard 
and fast rule for the spacing of bench marks, but they should be 
set wherever they will be most convenient for future level work. 
Bench marks near street or road intersections afford maximum 
opportunity for starting or ending connecting level lines 

Permanent points established for the horizontal control can 
serve a dual use by being made bench marks. This is particularly 
true of traverse control monuments which are nearly always 
accessible for rod readings. 

The sea level datum established for use in the United States * 
should be the datum of reference for all vertical control unless 
there is some very good reason for using another. The deplorable 
condition existing in some cities in which each department 

* See references to this subject at end of chapter. 
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doing level work has its own datum will never be improved by 
continuing the same practice. 

344. Bench Marks. The essential specifications for a bench 
mark are that it bo permanent, identifiable, and accessible. 
Pre-cast concrete monuments with identifying cap similar to 
those used as traverse monuments are very satisfactory. These 
ordinarily are set flush with the ground. A better practice would 
be to set them lower and enclose them within a heavy cast-iron 
cylinder with a removable cover. The most common location 
along streets is between the sidewalk and curb and along roads 
near the property fences. A standard tablet, similar to Fig. 
278a. sot in the top of a bridge abutment or heavy masonry wall 
is an excellent bench mark. 

345. Specifications. The relative precision of leveling is 
usually stated as an allowable tolerance in a certain distance. In 
first order leveling, the allowable error of closure is commonly 
taken as about ± 0.02 ft. VM in which M is length of the circuit 
in miles. For second order leveling the figure is ± 0.05 ft. V M 
and for ordinary leveling, ± 0.10 ft. VM. 

346. Equipment. The very small tolerance given in first order 
leveling necessitates use of the most precise levels and rods. 



Courtesy of Keuffel and Esser Co 

Fig. 346. Precise Level. U.S. C.&G.S. 
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Figure 346 shows the United States Coast and Geodetic Survey 
type of precise level. This instrument is built of the best mate¬ 
rials to rigid specifications. The bubble is very sensitive; a 
movement of 2 mm. equals a vertical angle of 2 seconds. Aj>- 
proximate leveling of the instrument is obtained by means of a 
circular bubble through manipulation of the leveling screws. 
Final leveling is accomplished by means of a slow motion screw 
beneath the eyepiece, the upper part of the instrument being 
hinged at the front. The telescope bubble is viewed through the 
left barrel of the instrument and a double prism permits the 
matching of the two ends of the bubble into a continuous curve 
at the instant of centering, as in Fig. 346a. The telescope is 
equipped with two additional horizontal hairs similar to stadia 
hairs in a transit by means of which errors in reading the rods 
can be minimized and sight distances balanced by the stadia 
principle. 

Another type of precise level, known as the United States 
Geological Survey level, is shown in Fig. 346a. This instrument, 



Courtesy of Keuffel and Esser Co. 


Fig. 346a. Precise Level. T.S.G.S. 
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Fig. 346b. 

though much less expensive, embodies all of the principles of 
the level described above less certain refinements of construction. 
It has a less sensitive bubble, 2 mm. equaling about 10 seconds. 

Figure 346b shows two views of a 15-inch precise tilting dumpy 
level recently perfected by C. L. Berger and Sons. It is equipped 
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Km. 346t*. Phecise Rod. 


with a prismatic reading 
device which enables the 
levelman to read the rod 
and bubble position simul¬ 
taneously. 

Second order precision 
can be obtained by means 
of a first class engineer's 
level if careful consideration 
is given to all the source's 
of errors in level work. In 
all probability more' lex>ps 
must be re'-run to e>btain 
satisfactory closures and 
therefore they should not be 
made too long. Twe> mile's 
in hilly country or five miles 
overle'vel ground are reason¬ 
able loop distances. 

Second order and ordi¬ 
nary precision can some¬ 
times be obtained more' 
quickly and more cheaply 
with a precise' level since' 
longer sights and longei 
loops are permissible, and 
fe'wer re-runs are nece'ssary. 

Rods use'd with the pre*- 
cise levels are of the type 0 
shown in Fig. 346c. The 
Unite'd State's Coast and 
Geodetic Survey uses the 
metric syste'm of linear units 
and the United State's Geo¬ 
logical Survey uses the yard 
and decimals thereof. These 
rods are very well ce>n- 
structed of selected wood 
and made in the form of a 
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T to prevent warping. The larger graduations are painted 
directly upon the wood face and the smaller ones marked on 
an invar strip securely fastened at the bottom and held in 
place by a tension spring at the top. This arrangement permits 
the wooden rod to vary in length somewhat due to moisture 
or temjxTature changes without in any way affecting the length 
of the invar strip which has a much lower coefficient of thermal 
expansion. 

Precise level rods are not equipped with targets, all readings 
being taken directly to 0.001 meter or 0.001 yard. A steel shoe 
dightly rounded on the bottom forms the base of the rod. This 
insures that a turning point taken on any solid object will actually 
be a point and not a small area with a possible difference in the 
roil readings taken on it. A circular bubble, for use in plumbing, 
and a thermometer are attached to the back of precise level rods. 

Other equipment for a precise level party should include* a 
large* umbrella and a portable windbreak for protection of the* 
instrument, steel pins for use as turning points, and a hand axe*. 

347. Field Procedure. A pre*cise* level party consists of five 
men: an instrument man whe> usually is the* chie*f of party, two 
rodme*n, a re*e*e>rde*r who alse> does fie*ld computations, and a man 
to take* care of the umbrella and windbreak. Unde*r favorable 
weather conditions, the recorder can handle* the umbrella and 
thus re»due*e the* party to four. 

The folle)wing general rule*s for field procedure in first orde*r 
leveling are the recommendations of a Ce>mmitte*e on City 
Surve*ys of the* Surveying and Mapping Division of the Amene*an 
Society of Civil Engineers: * 

“1. All lines shall be leveled forward and backward inele- 
pendently and preferably unde*r different atmospheric condi¬ 
tions, that is, on different days or in the forenoon and in the 
afternoon of the same day. 

“ 2. The forward and backward runnings along any line shall 
begin and end on permanent bench marks. No temporary bench 
marks may be used to hold the line, not even over night. 

“3. Forward and backward levelings should h ri repeated 
again and again, if necessary, until the difference between the 


* Am. Soc. C. E. Manual of Engineering Practia, No 10 10^4. 
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two is not greater than 0.017 ft.VM, in which, M = length of 
section, in miles. (Judgment should be exercised in the applica¬ 
tion of this rule.) If any measure over a section gives a result 
differing by more than 0.020 ft. from the mean of the other 
measures over the section, tliis measure shall be rejected. 



Courtesy of Chulund Jityionai (umlciu s urtiy 

Flo. 347. Precise Level P\rty. 

“4. The observation program at each station should be as 
follows: Sot up and level the instrument. Read the three wires 
of the diaphragm, as seen projected against one of the rods, to 
the nearest 0.001 yd., while the bubble is held continuously in 
the middle of the tube. Immediately after this, read the three 
lines of the diaphragm as seen projected against the other rod. 
The abstract sum of the three wire readings (equalling the mean 
reading, in feet) may differ from the middle wire reading multi¬ 
plied by three, by not more than 0.002 ft. It is desirable that 
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the rod interval between the middle and upper-wires shall not 
differ from the one read between the middle and lower wires by 
more than 0.002 yd. The reeorder tests the results immediately 
•liter the observation, and the instrument should not be moved 
unless and until the tests satisfy these rules. 

“5. In the 1 record, all instrument stations are to be numbered 
consecutively assigning the number, 1, to the first station of the 
day. At odd stations the back-sight is taken before the fore¬ 
sight, while at even stations the fore-sight is taken before the 
hack-sight. Since the same rod is held on a station for both 
fore-sight and back-sight, the effect of this practice is that at 
each set-up, the same rod, that is, the rod used for the back¬ 
sight at the first instrument station, is read first. 

“6. At each rod station the thermometer is read to the nearest 
degree and the temperature is recorded. 

“7. The difference in length between a fore-sight and a cor- 
res]K>nding back-sight must not exceed 10 yd.; in fact, it should 
he made as small as feasible without extra expenditure of time. 
The recorder shall record the stadia distances, in yards, for 
both back-sight and fore-flight, together with their continuous 
sums for each section. The sums of the back-sight distances 
and the fore-sight distances shall be kept as nearly equal as 
feasible without extra expenditure of time, and shall never 
differ by more than 20 yd. 

“8. One daily observation of the collimation error of the level 
should be made in the regular course of leveling and should be 
recorded in a separate opening of the record book, as follows: 
Make the last fore-sight reading at an instrument station a part 
of the collimation cheek; have the back rod placed about 10 yd. 
hack of the instrument; read the rod and move the instrument 
to a position about 10 yd. behind the fore-sight rod; and read 
the fore-sight and the back-sight rods. The required constant, 
f\ to be determined, namely, the ratio of the correction for any 
rod reading to the corresponding subtended rod interval, is 

'347) C = b ~ I . i 

td, in 

m which, I n = sum of the two near rod readings, Id = sum of 
the two distant rod readings, i u = sum of the two near rod 
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intervals between upper and lower stadia hairs and id = sum ol 
the two distant rod intervals, respectively. The total correction 
for curvature and refraction must be applied to the sum of the 
distant rod readings before substituting it in equation 347. 
The level should not be adjusted if C is less than 0.005. If C is 
between 0.005 and 0.010, adjustment is not advisable, but if C 
is greater than 0.010 the level must be adjusted, and C should he 
re-determined at once. The adjustment for reducing C must be 
made by moving the level vial, not the reticule. 

“9. The instrument shall be shaded from the direct rays ol 
the sun, both during observation and when moving from station 
to station. 

“10. The maximum length of sight shall be 150 yd., and this 
maximum shall be permitted only under the most favorable 
conditions. 

“The rod station or turning point may be any substantial 
object having a definite high point, on which the rod can be 
supported and turned for both fore-sight and back-sight. Bricks 
in pavements, corners of expansion joints of concrete curbs or 
sidewalks, stones or boulders firmly embedded in the ground, 
tops of tie-spikes along railroad tracks, and similar objects, make 1 
excellent rod stations. Where such natural rod stations an* 
lacking, portable turning points should be used. When using 
tie-spikes along a railroad track, after the passage of trains 
sufficient time must be allowed for the rails and ties to return to 
their normal elevation. 

“First-Order Level Notes. A sample page* of first-order level 
notes is reproduced in Fig. 347a. In this case only tho general 
arrangement and the essential details are indicated. Actually, 
such forms should provide for records of personnel, file numbers, 
miscellaneous remarks, etc. 

“Columns (2) and (7) contain the three thread readings in 
their proper order. The quantity below a set of throe thread 
readings is the middle thread reading, multiplied by 3. It is 
used only as a check on the sum or mean of the three readings. 
If rods graduated in feet or in meters arc used, this value would 
be the sum of three* readings, while Columns (3) and (8) would 
represent this quantity divided by 3. 

“Columns (3) and (8) contain the sum of the three thread 
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Hidings, which is numerically equal to the mean reading, in feet. 
Ii rods graduated in feet or in meters are used, this column 
should bo headed “Mean,” and would contain sums of the three 
thread readings, divided by 3. 


Mjt* A VIC T i'n« a A ' > A V Dot? Cc*ote r C,i9CS 

ft j'-t c/t'j n jtvV Rods \ s S98ifOrc/unis 



( uurti sj/ of Amirlcan S ocUtg of CUil Engine* rv 


Fio. 347a. Fikst-Oiideh Level Notes. 

“Columns (4) and (9) show the rod intervals intercepted on 
t lie rod between the middle and the upper threads, and between 
the lower and the middle threads. The two intervals, of course, 
"hould bo to each other in the same proportion as the actual 
intervals in the diaphragm an* to each other. For the sake of 
•onvenience, the thread intervals are multiplied by 100, the 
threads in this instrument being set at a ratio of 1 :100. The 
"inn of the two intervals is shown below them. 

“Columns (5) and (10) show the cumulative sum of the in¬ 
tervals. With this value shown for each instrument station, the 
t otal back-sight and fore-sight distances may be kept nearly equal. 

“Column (6) shows the number and the temperature of the 
r od used in the back-sight at each bench-mark. 

“From these notes, of course, the forward-run difference* of 
Novation between B.M. 509 and B.M. 510 is determined as 
ollows: Sum of fore-sights = — 22.793 

Sum of back-sights = + 14.208 
Difference = — 8.585.” 
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Second order leveling usually requires but two men, an m- 
strumentman and a rodman. Two rodmen will increase tin* 
speed of the work somewhat but without decreasing cost. 

The principal rules of field procedure are as follows: 

“ 1. The level shall be test ed for error of bubble once each day, 
and shall be adjusted if found to be in error by more than 0.01 It. 
per 100 ft. of distance. 

“2. The difference in length between a fore-sight and a cor¬ 
responding back-sight for any set-up shall not exceed approxi¬ 
mately 50 ft. (Distances in second-order leveling are usually 
paced, and the number of paces on each sight is noted in tin* 
record book.) 

“3. The cumulative back-sight distances shall never differ 
from the cumulative fore-sight distances on any section by more 
than about 100 ft. (A continuous total of the number of paces 
for both back-sight and fore-sight distances should be kept in 
the record book.) 

“Only one wire is read in this class of leveling, and to avoid 
the possibility of extensive re-running due to reading the bottom 
or top win 1 instead of the middle wire, it is advisable to use a 
level having only one win 1 .” 

348. Computation and Adjustment. Computations begin 
with a careful check of the field notes to make 1 certain there art 1 
no errors in the summation of the three hair readings and that 
the upper and lower stadia intervals agree within satisfactory 
limits. These were checked by the recorder in the field but 
occasionally an error is found. The notes are then abstracted 
to determine the mean difference in elevation of each section 
from the outward and the return runs. Ordinarily these values 
receive no correction unless the rods used are known to have 
an error in absolute length or such extreme temperatures are 
encountered as might appreciably affect the length of the invar 
strip. The differences in elevation of each section are used to 
compute the closures of the loops. 

The next computation is the adjustment of the difference in 
elevation of each loop side to eliminate the loop closures. In 
first order levels, this adjustment is made by the method of least 
squares (see reference 3 on page 442). 
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The precision of the best level work done by surveyors other 
than those connected with governmental agencies will, in all 
probability, fall between first and second orders. The level 
U N(»il uill be a good engineers’ level or one of the Geological 
Survey typo using one-hair or three-hair readings. The results 
of this work could be adjusted by least squares, but the following 
method is much less cumbersome and quite satisfactory for 
any but the very highest typo of work. 

The error of closure of a level circuit is an accumulation of 
errors that have occurred all along the line. It is evident, there¬ 
fore, that all intermediate bench mark elevations are probably 
in error by a fraction of the total error of closure. Since the 
principal errors in level work are accidental in nature the mathe¬ 
matics of probability shows that the probable erroi varies as 
the square root of the number of chances for error. This could 
be taken to mean the square root of the number of rod readings, 
"ct-ups, or miles traveled, assuming the same number of set-ups 
per mile. 

Th< 4 laws of probability state also that the weights , or measure 
of reliability, that should be given to any values are inversely 
proportional to the squares of the probable errors in them. 

Thus the reliability of a bench mark elevation should be 
inversely proportional to its distance from the beginning of the 
circuit. Conversely, the correction to be applied to any elevation 
should be directly proportional to its distance from the initial 
bench mark. 


Example: 


1 A riON 

Dihtanc K 
Miles 

OftHKKV ED 

1 LEV VI ION 

ConiiEf TION 

Corrected 

Elevaiion 

HM, 

0 

015.49 

0 00 

015.49 

HMi 

I 2 

048 23 

0.04 

048.27 

bm 3 

1 3 

703.91 

0.00 

703.97 

BMi 

6 

i 

015.37 

0.12 

015.49 


Error of Closure = 0.12 
C, = 2/6 X 0.12 = 0.04 
C 3 = 3/6 X 0.12 = 0.06 
Ci = 6/6 X 0.12 = 0.12. 
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This scheme of adjustment can be used equally well upon d 
line of levels that does not close at the starting bench mark but 
upon another the elevation of which has been determined 
previously. 

Establishment of vertical control over a considerable area will 
necessitate the running of several level loops. These will ha\c 
certain bench marks in common for which different elevation** 
will be found from several circuits. In such cases the separate* 
adjustment of each loop, explained above, is considered a pre¬ 
liminary adjustment since no inter-relation with the level net 
as a whole has been established. The elevations for any one 
junction point should be assigned weights in inverse ratio to the 
distances from accepted bench marks from which each elevation 
was obtained. The weighted mean obtained will then be taken 
as the most probable value of the elevation. Secondary adjust¬ 
ments of other elevations in each loop can then be made b\ 
working backwards from the junction point elevations with due 
regard to the sign of the new error of closure. 

It is obvious that this process could be repeated for othei 
junction points but if the field work has been done properly tin* 
changes in elevations become negligible. If the field work has 
not been done well, accurate results cannot be obtained by am 
amount of mathematical adjustment. 
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CHAPTER XXIII 

TOPOGRAPHIC DETAILS 

FIELD METHODS 

349. Stadia Measurements. The theory of stadia measure¬ 
ments is explained in Chapter IX. The application of that 
theory to topographic* mapping provides a rapid, economical 
method of locating details. It is discussed in Chapter XIV. 

The accuracy (§ 143) with which a point may be located by 
stadia is well within the range* of accuracy possible in locating 
that point on the map. For example, when the map scale is 
100 feet to the inch, stadia measurements on the order of 1 in 
:>()() result in displacements of points on the map of only ± 0.002 
inch for each hundred feet of measured distance. 

Stadia measurements arc* made* with either the* transit or the 
plane 1 table alidade*. When the* transit is used, rather elaborate* 
field note's (sec* Fig. 352) are taken and fie*ld sketches are made. 
The plane* table method, which is primarily a field mapping 
operation, necessitates few such notes. In either case the stadia 
multiplying constant (§ 137) for the* instrument must be care- 
iully determined. 


The Transit Method 

350. Equipment. The transit best suited for topographic 
mapping is equipped with a full vertical circle * with attached 
verni(»r reading to one minute or thirty seconds, prc*ferably the 
latter. The le*ast count of the* horizontal vernier should be the* 
sune as that of the vertical circle vernier. The stadia hairs 
diould be fixeel to the cross-hair ring and the stadia multiplying 
• onstant should be 100.000. An instrument such as is illustrated 
>n page 100 serves admirably as a topographic survey transit, 
for ordinary surveys, the usual level rod may be used as 
stadia rod. Where the survey is extensive or long sights an* 

* The ordinary transit is not equipped with a vernier bubble. This addition 
' f >uld be helpful for transit-stadia surveys. 
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taken, special stadia rods such as are shown on page 169 will hv 
needed. 

The field party must also be supplied with equipment which 
will make possible the rapid and accurate reduction of inclined 
sights to horizontal and vertical components. Stadia circles or 
arcs attached to the transit or stadia reduction tables, diagrams, 
or slide rules serve such purposes, the latter being favored by 
most engineers. Directions for operating them are found on the 
backs of most rules or arc given in instruction books supplied 
by the manufacturer. 
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9 Courtesy of Keuffcl and Esser Co. 

The Stadia Slide Rule. 


351. Control. Control of the survey is necessary in both 
horizontal and vertical planes. The best practice is to establish 
such control completely before any attempt is made to delineate 
any part of the map. It must be remembered that the accuracy 
of the final map depends primarily upon the accuracy with 
which the control points are established oil the map. 

Any form of control (Chapters XX and XXII) may be used, 
the selection depending upon the extent of the survey, scale of 
the map, contour interval, purpose of the map, and roughness 
of the area being surveyed. For example, a topographic map 
made to serve as the basis for the landscape design of a park or 
private estate is best controlled by a series of uniformly-spaced, 
parallel, straight lines, staked at regular intervals, usually 50 or 
100 feet. This forms a checkerboard control system over the 1 
area. Details of topography can then be tied to this system 
with the tape, level, and rod. Such maps are plotted to scale's 
of 50, 100, or 200 feet to the inch with contour intervals of from 
I to 5 feet. Grading estimates (see §209 and §102, RubeyV 
Ro\dc Surveys) may be made from such maps and the archi¬ 
tect \s designated locations of structures, drives, trees, and shrpbs 
may be transferred from the map to the ground by means ol 
scaled ties to the checkerboard corners. 

The selection of scale and contour interval for the quadrangle 











Scale r12,000 Scale 1/24,000 Scale 1/125,000 

Fig. 351. Comparison of Topographic Map Scales. 
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surveys of the United States Geologieal Survey are based upon 
the importance of the area to the general public. For example, 
if the area to be surveyed is one in which there are problems of 
great public importance sucli as flood control, irrigation, recla¬ 
mation, or mineral development, the scale used is either 2000 
feet to the inch (1/24,000) or about one-half mile to the inch 
(1/31,680) and the contour interval 1, 5, or 10 feet. If the area 
includes problems of average public importance, the scale used 
is about one mile to the inch (1/62,500), with a contour interval 
of from 10 to 50 feet. Areas of lesser importance have been 
mapped to a scale of about two miles to the inch (1/125,000), 
and with a contour interval of from 20 to 100 feet. 

Control for these surveys is established generally by transit 
and tape traverses supplementing whatever triangulation data 
arc 1 available in the area. Level circuits are run through the 
area to establish vertical control. Details of topography an* 
filled in by plane table and aerial photographs. 

The survey of the Wabash River and Valley, directed by tin* 
United States Engineer Office, Louisville, Ivy., was controlled 
by means of transit traverses and precise levels. Aerial photo¬ 
graphs were used to fill in topographic details. These maps are 
printed to a scale of 1 inch = 1000 feet (1/12,000) and with a 
contour interval of 10 feet. 

352. Transit Survey Details. With the control system estab¬ 
lished and calculated, the transit is set up over one of the control 
points and oriented by sighting toward another control point. 
Orientation (direction control) may be accomplished by using 
either the magnetic azimuth or the true azimuth of the line 
connecting the two control points. True azimuth is the better 
control especially if local attraction exists. Magnetic azimuth 
is more convenient, since it does not involve determination 
of the true meridian and because a needle check on the ac¬ 
curacy of orientation can be quickly made at any point of 
set-up. Having determined the azimuth, the vernier on the 
horizontal circle is set to the calculated azimuth angle, using 
that set of graduations which read in a clockwise direction 
around the graduated circle. With the upper motion clamped 
and lower motion free, the sight is taken to the control point. 
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Mtor clamping the lower motion, the procedure may he checked 
I»v setting the vernier to read 0° 00' and then releasing the mag¬ 
netic needle. If the azimuth used were referred to the magnetic 
meridian (0° azimuth at the South point), the needle should read 
0" 00' and the telescope, with attached bubble down, should be 
pointing toward magnetic south. Some engineers prefer to use 
magnetic north as 0° azimuth. If true azimuth were used in 
orienting, the needle should read the magnetic declination 
unless this angle had been set off on the variation plate of the 
compass. Here, too, the needle would read 0° 00' 

Vfter the transit has been oriented and checked for orienta¬ 
tion, the direction of any point can be determined merely by 
•ughting toward that point and reading the horizontal angle (in 
the clockwise direction). The lower motion must be tightK 
< lamped at all times while these side shots are being taken from 
the point of set-up. 

The height of instrument above the control point and the 
elevation of the control point, previously determined with the 
le\el, are recorded in the stadia field notes, as in Fig. 352. 
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Fig 352. Stadia Survey Notes. 
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The distance to and elevation of a side shot are found h\ 
sighting toward the stadia rod held at the point to be located 
The* lower stadia hair is first set on an even foot mark, as 2.00 
or 3.00. The upper hair reading minus the lower hair reading 
gives the rod intercept. The instrument man should call Hicm 
two readings aloud so that the recorder has a chance to check 
the mental subtraction made by the instrument man and i<- 
cordcd in the field notebook. The middle hair is then set to the 
H.I. point on the rod and the horizontal and vertical motions 
of the instrument are clamped. Both angular readings an 
taken and reconk'd as the rodman moves to the next point. 

The horizontal distance* to the point and the difference in 
elevation between the foot of the rod and the point over which 
the instrument is sot are found by substitution in the* formula 
for inclined sights (§ 133) if exact value's are required or by the 
use* e>f the* siaelia slide rule*, diagram, reduction table, or approxi¬ 
mate' formulas. This reduction may be* made e*ithe*r in the* field 
e>r in the* oflice. The* horizontal elistance ami azimuth angle* are 
use*d to pled the* location erf the* perint anel the* diffe*rence in eleva- 
tion aeleh'el to or subtract eel from the* elevation erf the e*ont red 
perint give's the* e*le*vation erf the point at whie*h the* rod was he*lel 

It is ne*cessary, e>e*e*asiemally, to serf lip the transit at perints 
outside of the e*stablishe*d control system. The*se perints, calk'd 
stadia stations, are* locati'el by staelia. Their positions anel e*le- 
vations with re*fe*re*ne'e te> the ple>tte*el triangulation e>r traverse* 
stations shemld be e*he*e*ke*el by reading all angle and rod intcr- 
ee*pt value's in both elirections, i.e., from triangulation station 
(A) to staelia statiem (□) anel then, afte*r occupying the staelia 
station, from stadia station bae*k to the triangulation station 
A series of stadia stations (a stadia traverse) must close and 
cheek on one of the principal control points. 

353. The Stadia Circle. Figure 353 illustrates a special fejrm 
of stadia reduction device which is manufactured by the Keuffel 
and Esser Company. In the figure*, the lower scale is the stand¬ 
ard vertical angle* scale and vernier. The other two serfs of 
graduations (Hor. and Vert, in Fig. 353) give multiplying factor* 
which when applied to the rod intercept result in horizontal and 
vertical components of the stadia distance. Thus an ordinary 
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slide rule instead of the special stadia rule may be used to reduce 
the notes with a resulting accuracy comparable to that usually 
attained with the stadia rule and sufficient for practically all 
mapping needs. When the instrument is in adjustment, the 
\ ordeal index reads 0 and the horizontal index reads 100, the 
line of sight being truly horizontal. 



Courtesy of KittJJel and Esier Co 


Fics. 353. Stadia Circle. 


Example. In Fig. 353, the vertical index reads + 17.8 and 
t lie horizontal, 96.7. On the assumption that the middle horizon- 
tal hair was set on the H.I. point on the rod (at 4.83) and that 
the lower stadia hair then read 1.92 and the upper hair 7.74, the 
i«'d intercept was 5.82. Therefore, 5.82 X 17.8 = + 103.6 feet 
lN the difference in elevation, and 5.82 X 96.7 = 563 feet is the 
horizontal distance. 

If the telescope is of the conventional focusing type, 0.01 foot, 
die / + c correction, should be added to the rod intercept before 
Pplying the multiplying factor. This addition is not necessary 
' hen the telescope has an internal focusing lens. 

354. Plotting Stadia Notes. The reproduction of the field 
>ih in map form is a most important part of the topographic 
(| vey. Many engineers prefer to do a large part of this work 
the field and, when weather conditions permit, such procedure 
“ally results in a map of superior quality. With topographer, 
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recorder, transitman, and rodman working as a team, points 
and objects on the ground can be selected and mapped with 
greater rapidity and efficiency than when all of the mapping 
operation is confined to the office drafting table. Contour lines 
are best shaped when the ground being contoured is viewed by 
the “topographic eye” of the field draftsman and when the 
“tojjography soaks up through the soles of his shoes.” 

The equipment needed by the topographer depends upon the 
form of control and the method used to fill in details. For 
example, in the simple checkerboard control system the squares 
may be plotted on the field sheet before the detailed surve) 
begins. Triangles, scale, compass, and drawing pencils con¬ 
stitute the topographer’s field equipment. Points and elevation^ 
are plotted as rapidly as they are determined in the field and 
contour interpolation is completed square by square (see 
page 178). 

If triangulation and traverse control has been established, 
such control points are accurately plotted on the field sheet and 
the details are plotted with reference to these points by pro¬ 
tractor and scale. Where and when weather conditions permit 
its use, tracing linen, preferably waterproofed, may be used in 
the field. When the control system has been inked on the linen, 
a full circle paper protractor may be oriented by azimuth angle 
and fastened to the field drawing board, the center of the pro¬ 
tractor being directly under the plotted position of the particu¬ 
lar control point occupied by the transit. The paper protractor 
then represents the horizontal circle of the transit and the azi¬ 
muth of and distance to a located point may be plotted. A small 
needle driven through the plotted triangulation point and the 
center of the protractor and a very small notch cut into the 
zero point of the scale facilitate this plotting process. As with 
checkerboard control, this field mapping should keep pace with 
the work of the instrumentman and recorder. Contours are in¬ 
terpolated between plotted elevation points when the ground 
surface is sloping uniformly between such points. With prac¬ 
tice, rodmen soon learn to select critical points on drainage and 
ridge lin'‘s and thus aid materially in making accurate map 
reproduction* of ground surfaces. 

Map drafting in the office instead of in the field does not 
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depend upon weather conditions. On the other hand, field 
notes must be complete and reinforced by field sketches and 
observations. Kodak views of situations particularly difficult 
to map are also useful in helping the office draftsman to interpret 
field notes. 

The Plane Table Method 

355. The Plane Table. The plane table is an instrument in 
which the manufacturer has combined the telescope of the 
transit with the straight edge and drafting board of the drafts¬ 
man. When some form of stadia reduction arc is added to the 


-j 




Courtesy of C L Berger and Sons 

Fig. 355. The Plane Table. 

vertical circle, the topographic engineer has an excellent field 
mapping instrument at his disposal. Figure 355 illustrates this 
instrument. Note the comparatively heavy tripod supporting 
the board on which the plane table alidade rests. The lower 
part of the leveling head may be seen under the board. The 
telescope to which a vertical arc is attached is connected to the 
straightedge by the pedestal. This combination of telescope, 
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pedestal, and straightedge is ealled a telescopic alidade. Note* 
also the circular bubble and trough compass or declinatoire on 

the straight edge. 


Tin 


— - i 



Fio. 355a. 


Courtesy of C L Berger and Sons 

Johnson Leveling Head. 


Two types of leveling 
head are available. The 
Johnson head (Fig. 355a) 
which is used by the* 
United States Geological 
Survey, relies upon cup¬ 
shaped friction clamps 
for control of the hori¬ 
zontal movement of the plane table and also for leveling the 
table. Each clamp is operated by a wing nut at the lower end 
of the leveling head assembly. 

The standard leveling head (Fig. 355b) is equipped with con¬ 
ventional leveling screws (usually three) and with horizontal 
motion clamp and slow-motion screw. This arrangement results 
in a heavier leveling head and 
larger tripod. ; “ 

The field sheet is fastened to , ^ 

the table top with U-shaped 
clamps or by means of thumb * 

screws the heads of which are 
countersunk in order not to in¬ 
terfere with movement of the 
alidade. When it is necessary to 
set a point on the map exactly 
over that point on the ground, 
a collapsible hinged arm is used, the plumb bob being suspended 
from a hook at the lower end of the arm. 


■T 


Courtesy of C. L. Berger and Sons 

Fig. 355b. Standard Leveling 
Head. 


356. Beaman’s Arc. This arc is another stadia reduction 
device (see also § 353) which is attached to the vertical circle 
of all United States Geological Survey plane table alidades and 
can be attached to transits or plane tables using either style as 
shown in Figs. 356 and 356a. The device was invented by 
William Beaman of the United States Geological Survey. Its 
design is based on the principle that for certain vertical angles 
the difference in elevation is a whole-number multiple of the rod 
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intercept and that the correction to be subtracted from the 
stadia (slant) distance to obtain the horizontal component is 


related directly to the vertical angle. For ex¬ 
ample, 10 is the exact multiple when the vertical 
angle 1 is 5° 46' (see also Table V) and at that 
angle the horizontal component (//) is equal to 
tlie* stadia distance minus 1 per cent of that 
distance. 

When the attachment is used, the rod inter¬ 
cept is determined by setting the lower stadia 
hair at an even foot mark and then reading the 
upper stadia hair. The difference 1 between the 

two readings multiplied by (usually 100), to 

which f + c (usually 1 foot) must be added if 
the telescope* is of the conventional type*, gives 
the stadia distance. The middle cross-hair is 
then set to the H.I. point on the rod and the 
H scale reading taken from the H index on the 
Beaman arc. This reading is the eorreetion, 
* xpressed in per cent of stadia distance, which 
■nust be subtracted from the stadia distance. 
The vertical motion is then moved by means 
>f the vertical tangent screw until the V index 
on the Beaman arc is coincident with a gradu- 



Counesy of C L. Berger 
and Sons 


Fio. 356a. 
Beaman Arc. 
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ation line on that arc. The middle hair reading on the rod is 
then taken. The V index reading minus 50 gives the multiple 
to be used in determining the difference in elevation between 
the line of sight and the middle hair rod reading. In Figs. 356 
and 356a note that the V index is at 50 when the telescope 
is level. By this method of marking the graduations, direct 
scale readings determine whether the angle is plus or minus, 
since the arc scale reading minus 50 is the multiplying factor 
to be used. 

For example, an instrument which is set 4.6 (H.I.) feet above 
a control point, the elevation of which is 610.7, is at elevation 
615.3. Assume that when sighted toward a stadia rod the lower 
hair is set at 3.00 feet and the upper hair reads 8.64 feet. The 
rod intercept is therefore 5.64 to which 0.01 must be added for 
the/ + c correction if the telescope is not of the internal focusing 
type. When the middle hair is then sighted to the 4.60 foot 
point on the rod, the H index reads 1.3. On the assumption that 

£ = 100, the horizontal distance is therefore: 
x 

5.65 X 100 - 5.65 X 1.3 = 558 feet 

At this setting of the arc, the V index reads between 38 and 39 

Shifting the arc so that the V index reads exactly 39 results in 
a middle hair reading on the rod of 4.75. 

The multiple is therefore 39 — 50 = — 11 and the elevation 
of the ground at the foot of the rod is 

615.3 - [(11 X 5.65) + 4.75] - 548.4 

357. Plane Table Adjustments. Although the necessity for 
perfect adjustment of the plane table is not as great as in the 
transit or level, the relations between the elementary parts of 
the instrument should be tested periodically and corrections 
made if necessary. The procedure is as follows : 

1. To make the vertical hair truly vertical, set the alidade on 
a perfectly level surface and compare the vertical hair w T ith a 
true plumb line such as the corner of a building. Make the full 
correction by loosening the reticule screws and shifting the cross¬ 
hair ring until the vertical hair coincides with the plumb line. 

2. To make the line of sight coincide with the axis of the 
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sleeve in which the telescope revolves, focus the intersection ol 
the cross-hairs on a distant point and revolve the telescope in 
the sleeve through 180 degrees. If the intersection of the hairs 
moves off the point, correct the cross-hairs for one-half the 
apparent error. Repeat the test until the intersection stays on 
the sighted point. 

3. To adjust the level bubbles attached to the straightedge, 
set the alidade on a smooth, level surface. Lift the alidade and 
turn it end for end. Correct the bubbles for one-half the ap¬ 
parent error. It is necessary, in this end for end reversal, to 
mark the position of the straightedge at the first setting and 
reverse it end for end to that same marked position. This is 
especially important if the smooth surface used for testing is 
the top of the plane table. 

4. To adjust the striding level bubble, set the alidade on a 
firm level surface and center the bubble with the vertical circle 
clamp and tangent screw. Then lift the striding level and turn 
it end for end. One-half the apparent error is corrected by 
means of the vertical adjusting screws at one end of the bubble 
tube. To bring the striding level bubble line into the same 
vertical plane as the axis of the sleeve, level the bubble, then 
rotate the telescope in the sleeve through an angle of about 30 
degrees. Any displacement of the bubble must be corrected by 
means of the lateral adjusting screws at the end of the bubble 
tube. The full correction is made. 

5. If the alidade is equipped with a bubble on the vernier, 
level the telescope by means of the striding level, set the vernier 
index to read 0° 00', and bring vernier bubble to the center by 
means of the adjusting screws on the bubble tube. If there is no 
striding level, the vernier bubble must be tested by the two-peg 
method (see page 139). 

6. To test the straightedge, set the alidade on the table top, 
draw a fine line (6H pencil with chiseled point) along the full 
length of the straightedge. Reverse the straightedge end for 
end, placing the same edge along the line. If the edge is not true, 
it must be corrected by the manufacturer. 

It is not necessary that the line of sight be parallel to the 
straightedge for ordinary use of the plane table. The relation 
between the two lines must, however, be constant. 
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358. Locating Points by Radiation. Several methods of mai>- 
ping locations of points with the plane table are used. One oj 
the most common of these methods is by radiation. The instru¬ 
ment is set up at a control point, oriented by sighting toward 


♦ 



another control point, and checked on a third point or on some 
prominent land mark which is easily visible from several control 
stations. Points on the ground, selected by the rodman, arc 
then located on the map by turning the alidade tow r ard the 
rodman, lightly penciling the ray along the straightedge, and, 
after reading and reducing the stadia distance, plotting the dis¬ 
tance to and elevation of the point. Figure 358 illustrates this 
method. The set-up is over A C which is marked on the map by 
a pin or needle at c. The fiducial edge of the alidade along the 
ray cx marks the direction of the line of sight tow r ard the rodman 
at X. 

359. Locating Points by Intersection. Points on the map may 
be located from plotted control points by intersecting rays. 
This method is illustrated by Figs. 359 and 359a. 

The instrument is first set up at A C, oriented and checked on 
A A, A E, or A D and a ray drawn on the map toward rodman 
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at X . The instrument is then set up at A £ and oriented. A 
.second ray from e toward X intersects the first ray cx at }K)int x 
on the map. If x is a point of major importance its position with 
relation to the plotted control system may be checked as often 



Fig. 359a. Intersection Method. Set-Up at A E. 
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as it is visible from any point of set-up of the plane table as, for 
example, at A G or A A . 

The intersection method is satisfactory for locating a few 
important points on the map. When, however, an attempt is 
made to map many points from the same set-ups, interpretation 
of the direction rays may prove difficult. The elevations at the 
points must be determined either by leveling or by stadia. 

360. Resection. It is necessary occasionally to locate the 
position of the plane table on the map when only one of two 
control stations can be occupied. For example, in Fig. 360. 
assume that A C can be occupied and that A E cannot and 
that a set-up at point X is necessary. In order to locate x on the 
map, set-up at A C, orient, and draw ray cx of indefinite length. 



Move the plane table to X and, by roughly estimating the 
position of x on ray cx on the map, set-up so that the estimated 
map point x is over ground point X. Orient by setting the 
alidade straightedge along xc; loosen the horizontal motion and 
turn the table top until the line of sight passes through A C. 
Clamp the horizontal motion. Then with the forward end of 
the straightedge at e, pivot the rear end around c as a center 
until the line of sight passes through A E. Draw the resection 
line from e to an intersection with ray cx. The location rf x on 
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the map may then be checked by sighting toward other visible 
control points or land marks. Location by resection usually 
gives more accurate results than location by solving the three 
point problem. It is obvious that best results are obtained when 
the resection line is at right angles to the ray from the control 
.station. 

361. The Three Point Problem. The three point method of 
locating the point of set-up of the plane table may be used when 
three or more previously located points are visible. The location 
of the point on the map and the orientation of the plane tabic 
are both determined by the solution. 



Fig. 361. Three Point Problem. 

One method, called Lehmann’s method, is illustrated by 
Fig. 361. The three points A 0, A ilf, and A N are visible from 
point X. Plotted points o f m y and n represent the three tri¬ 
angulation stations. In this case X is outside of the triangle 
OMN . Its projected position on the map, x, may be estimated 
and an approximate orientation of the table top made by using 
the compass needle. If it were possible to make these estima¬ 
tions of position and orientation exactly, resection lines drawn 



460 


TOPOGRAPHIC DETAILS 


[Ch. XXII 


on the map through o, m, and n would intersect at a common 
point x. The usual result of this resectioning, however, is u 
triangle (if, 2, 3 in Fig. 361), called the triangle of error. The 
solution of the problem is to reduce this triangle, by successive' 
approximations and re-orientations, to a point. It is obvious 
that if X is inside' of the triangle OMN , x should be found inside 
of the triangle of error. In order to arrive at the solution (point 
x) quickly, find the intersection of the arcs of the circles which 
pass through n , m, and the intersection (point 1) of the resection 
lines through n and m; n } o, and point 3; o , m, and point 2. 
This intersection may be approximately determined by roughly 
sketching the arcs on the' field sheet. With the newly deter¬ 
mined point x, re-set and re-orient the plane table and repeat 
the operation until the resection lines meet at x . 

When 0, M, N , and X arc' points on the same circle, no solu¬ 
tion is possible. 



Fig. 361 a. Three Arm Protractor. 


Another solution, called the tracing paper method, gives 
results quickly but not quite as accurately as does Lehmann’s 
Method. To locate x by this method, it is necessary to tack an 
auxiliary sheet of tracing paper on the table top and at an 
assumed point x draw rays xo, xm, and xn. Lift the tracing 
paper and shift the plotted rays until these pass simultaneously 
through the plotted points o, m, and n. Prick point x through 
the tracing paper to the field sheet, thus locating the point of 
set-up on the map. Check by orienting on one of the triangula¬ 
tion stations and then sighting toward the other two. 
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If a transit were set up at point X and the horizontal angles 
to the* triangulation stations measured, the position of x can be 
located by using a three arm protractor (Fig. 361a). 

362. Plane Table Traverse and Triangulation. Although the 
l)cst practice in topographic mapping is to establish and plot the 
control system before details are surveyed, control may be car¬ 
ried forward simultaneously with the detailed mapping opera¬ 
tions. When such procedure is adopted, however, it is very 
important that checks on the locations of plane table stations 
should be made at every opportunity. Quadrilateral closures 
and direction rays to prominent land marks, such, as distant 
spires, stacks, etc., arc* two examples of such < hocks. Any 
method or combination of several methods oi locating points, 
as described in the preceding pages, may be used in establishing 
the control points on the map. 

363. Plane Table Operators. The plane table is being used 
increasingly as a mapping instrument. The demand for its use 
would be accelerated if more engineers appreciated its advan¬ 
tages and recognized the fact that the accuracy of its results is 
dependent in large measure upon the operator of the instrument. 
Field engineers as a general rule are not skilled in the manipula¬ 
tion of the plane table and cannot become good topographers 
without going through a comparatively long training period. 
Nor can all field men acquire facility in the use of the instrument 
because many do not have the inherent ability to visualize map 
forms from an inspection of the terrain being mapped. It is also 
true that plane table outfits are not considered as essential 
equipment in the offices of practicing engineers although they 
are frequently available in government offices. 

In the Topographic Manual published by the United States 
Coast and Geodetic Survey, “important points to be remem¬ 
bered in using the plane table for topographic surveying” are 
listed as instructions to field parties. Some of these reminders 
apply particularly to the student engineer, such as: 

“1. In orienting, see that alidade edge cuts both station 
points equally 

2. Orient on distant signals and resect on nearby ones 
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3. Check orientation of table at completion of work at a 
station and before drawing important cuts (rays) 

4. See that rodmen hold stadia rods vertical by standing 
squarely on both feet directly behind the rod 

5. Keep pencil sharp and, when drawing direction lines, hold 
it close to edge of alidade at constant angle 

6. See that alidade rule makes close contact with the paper 

7. Draw magnetic meridian on sheet 

8. Keep sheet clean 

9. Keep bottom of alidade clean 

10. Do not rub alidade over sheet more than necessary. Lift it 

11. Do not let body or arms rest on the table 

12. Watch sheet for distortion errors 

13. Check up before leaving a station to see that everything 
desired at the station has been obtained and 

14. Keep notes for descriptive report.” 

OFFICE PRACTICE 

364. Map Making. Maps are so varied in nature and are 
made for so many different purposes that a perfect classification 
of them is almost impossible. Each map is designed to give the 
reader of it certain definite information. This idea governs 
everything with regard to the actual construction of the map 
in order that the important information may be represented 
clearly and that other features may be omitted or at least 
subordinated. Brief considerations of the important things 
common to all map construction follow. See also Chapter XVI. 

365. Scales. The scale to be used in drawing a map is very 
important. It must be large enough to show the desired infor¬ 
mation clearly. A larger scale would increase the cost of the 
map and the size of the sheet to no advantage while a smaller 
scale would be unsatisfactory for proper reading. 

In general, scales are classed as large if 1 inch = 100 feet or 
less; intermediate, between 1 inch = 100 feet and 1 inch = 1000 
feet; and small if 1 inch = 1000 feet or more. 

Mapping from survey data may vary in scale from 1 inch = 
10 feet for planting plans or accident surveys to 1 inch = 2000 
feet, one-half mile, one mile, or two miles in the quadrangle 
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sheets of the United States Geological Survey. The range of 
scale for most mapping lies between 1 inch = 20 feet and 1 
inch = 400 feet. A scale of 1 inch = 40 feet is best for use of 
those who employ both engineers , and architects 1 scales in their 
work. 

Every map should show the original scale to which it was 
drawn. In addition, coordinate lines or a graphical scale as 
shown on Fig. 368 should be indicated. This is necessary in 
order to give the scales of photographic enlargements or reduc¬ 
tions which are made from many maps and to make allowance 
for shrinkage. 

366. Materials. The paper or cloth upon which a map is 
made represents but a small fraction of the cost of the map. It 
is therefore most economical to use the best materials available 
for all maps of importance. Use of inferior drafting or printing 
papers which distort with slight atmospheric changes results 
in scale variations that seriously affect the accuracy of the map. 
All inks, crayons, and color washes should be chosen for ease of 
handling and lasting qualities. 

367. Plotting. The specifications for field measurements are 
usually such that the errors must not be plottable on the map. 
These conditions are generally met and therefore the draftsman 
has no tolerance but must produce as nearly perfect work as is 
possible. To do this he must first have as good equipment as 
the field parties had, and second, he must use proper methods 
in all phases of his work to obtain the necessary precision. The 
plane table method, of course, combines the surveying and 
drafting operations. 

The plotting of the control system requires the greatest 
precision in drafting, corresponding to precise field work. A 
straight line can be drawn to correct length within the limits of 
accuracy of the scale and the draftsman’s ability to read it and 
to mark or prick the end points. The method of plotting points 
depends upon the data available. If coordinates are available, 
they afford an excellent method of precise plotting with straight 
°dge and triangles, preferably of steel. For traverse data with 
deflection angles or angles to the right given, some scheme 
involving a trigonometric function multiplied by a constant, 
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usually 10, gives a good sized triangle with which to work. Of 
the three schemes shown in Fig. 367, probably the tangent 
method is most used. In this method one leg of the angle is 
extended beyond A for a distance of 10 inches at which point 
a perpendicular, 10 tan a long, is erected, thus locating B. AB 
is the other leg of the deflection angle. 



Fig. 307 . Plotting Angles by Tangent, Sine-Cosine, and Inter¬ 
secting Arcs. 


The figure* also illustrates a similar method which involves the 
use of two trigonometric functions and the measuring of two 
odd lengths. It has a good check, however, in that the hypot¬ 
enuse must always be* exactly 10 inches long. 

For plotting triangle*s all sides of which are known, as in the 
case of triangulation control, the best method is by use of inter¬ 
secting arcs. The* same* principle can be* use*d for any angle, 
Fig. 367, in which the angle* is formeel at the vertex of an isos¬ 
celes triangle the* base of which is computed. This method e*limi- 
nates the* ere*ction of perpendiculars, but with gooel drafting 
equipment that operation should not be a source erf e*rror. 

The plotting of topographic details is a repetition on the 
drafting boarel erf the* field operations ; angle and distance (stadia, 
se*e* § 352), right angle* offset and distance frean a control line, or 
intersecting arcs locate a point from two control stations. 

368. Title. The title of a topographic map should be placed 
on the sheet where* it will best balance the sheet as a whole. 
The* lower right corner is preferred, its in the case of mechanical 
drawings, for standard maps such as state highway plans and 
the like. However, for any unstandardized map, this should 
not be give'll much weight. 

A title should not be made so large as to be conspicuous yet 
it is an important part of the map. The* name of the area 
mapped should stand out in the* title by means of larger or 
heavier letters. The location of the area, organization or persons 
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doing the work, date, original scale, and graphic* scale should bo 
included. In addition, on standard sheets, spaces are provided 
for file number and initials of checkers and approvers. 

CHART NO. 31 

WABASH RIVER 

AND VALLEY 

FROM 

TERRE HAUTE, IND.,TO LOGANSPORT, IND. 

CHART 14 TO CHART 38 INCLUSIVE 

SURVEYED AND MARRED UNDER THE DIRECTION OF 

THE UNITED STATES ENGINEER OFFICE. 

LOUISVILLE. KY. 

1929 

SCALE 1 INCHalOOQ FEET 

IOOO 300 o lOOO 2000 3000 4000 SOOO FEET 

__ SCALE OF MILES 

CONTOUR INTERVAL 10 FEET 

DATUM IS MEAN SEA LEVEL 

ROLYCONIC PROJECTION NORTH AMERICAN DATUM 

A-nal photography horizontal and vertical control and mapping by Bro< h & Weymouth Inc Philadelphia Pa. 

Sounding:, by U S Engineer OMici lou sville Ky 

Fig. 368. Sample Title. 

The entire title should bo symmetrical, proportioned to the 
sheet as a whole, and of a uniform type of lettering. The in¬ 
creased use of lettering guides usually results in the various 
parts of a title differing only in size of letter and weight of line. 

369. Lettering. Certain kinds of maps require a considerable 
amount of lettering. This is placed at all angles and frequently 
in quite small spaces requiring very careful work. Mechanical 
lettering guides cannot be used for all of such work and it is 
therefore recommended that they bo used for none of it. No 
one thing adds as much to the general appearance* of a map as 
the excellence of its lettering. Good freehand lettering (see 
page 108, Table X) gives character and individuality to a map 
that mechanical lettering can never supplant. The man who 
can produce excellent maps is an artist in every sense of the 
word. 
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370. North Point. Every map should have an arrow or arrows 
indicating the true and magnetic north directions. These should 
be simple drawings, long enough so that a parallel can be taken 
from them with accuracy, and placed wherever space is available 
If both arrows are shown, a statement of the 
amount of magnetic declination is helpful. 
When only one arrow is drawn, it would be 
well to designate which north is represented. 
Figure 370 is an example showing all that is 
needed. Orientation of the map so that the 
north arrow points approximately toward the 
top of the sheet is desirable. 

371. Symbols. The use of conventional sym¬ 
bols to represent certain types of physical 
features facilitates the reading of the map. 
Symbols should always be made proportional 
to the scale of the map. For example, a pine 
tree on a very large scale map would be shown 
by the conventional symbol representing the 
actual spread of the tree while on a smaller scale map a pine 
forest would be shown by smaller symbols well drawn and uni¬ 
formly spaced over the map area. Effort has been made by 
those agencies that do much mapping to standardize the symbols 
used for many of the common things that appear on maps. 
Figure 371 gives a representation of some of the symbols pre¬ 
pared by the United States Geological Survey and adopted by 
the Federal Board of Surveys and Maps. These symbols when 
properly shown, especially those showing crops or natural vege¬ 
tation, add much to the map, but if badly drawn result in a map 
of poorer general appearance than if no symbols had been used. 

372. Legend. Each map should show a legend explaining the 
meanings of the symbols used. This is needed because many 
people who may use the map will not be acquainted with the 
standard symbols. In addition, other symbols may be used that 
are not standard. An excellent example is that of the much used 
state highway maps with their own symbols representing road¬ 
side parks, fish hatcheries, police posts, and points of scenic or 
historic interest. 
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Public Highway _ — _ _ _ _ z:. 

Private Roacf — — — — — — — m m zz zz zz zz i 

Trail __—-- 

Railroad (single track) —■-■-1-► 

Railroad (double track) _ _ _ _ _ t | | \ 


Wire Lme _ — . 

Power Line _ _ . 

Tunnel _ _ _ . 

Bridge (Highway) . 

Bridge (Railroad) 

Ferry _ __ _ . 

Tnangulation Station 

Stadia Station _ 

Bench Mark _ 

Property Lme _ 

Fence (barbed wire) 
Fence (woven wire) 

Fence (wood) _ 

Fence(stone) _ 
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House _ _ _ 
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Dec/duous Trees 

Evergreen Trees 

Crass _ _ __ 
Marsh _ _ __ 

Water Lines _ 
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Sand Dunes 


Contours 


Cultivated Land 


Fics. 371 (contimud). 




373. Color. Colors may bo usod to groat advantage on many 
kinds of maps to emphasize certain features. Most maps seen 
in color are the result of chromo-lithographing processes rather 
than work done by a draftsman. This may vary from merely 
showing Federal highways and political boundaries in color to 
the very extensive use of color in the United States Airway Maps 
in which different elevations are tinted in various shades. 

The draftsman is called upon occasionally to prepare a map 
in color. Display maps of parks, country club grounds, or sales 
maps for new subdivisions are examples. This work is done on 
paper by means of water color washes or the use of crayons. 
Such work, especially water coloring, calls for considerable skill 
and practice but can produce excellent results. Perhaps the 
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scheme requiring the least skill is that of covering an area with 
light colored-pencil lilies and then rubbing it out to the desired 
tint by means of a soft eraser. The tendency among beginners 
i^ always to use too much color. If a pale green is used for 
grassed areas the trees may be gone over with a darker green, 
water may be shown in blue, streets in brown, buildings in 
grey, and so on, to produce a much different effect than does a 
plain line drawing. 

Similar (fleets can be obtained on tracing cloth by means of 
colored inks. Different types of cross-hatching should be used 
rather than complete covering in order to prevent distortion of 
the cloth. The map legend should show a key explaining the 
various colors. Sepia ink is frequently used for contour lines. 
This ink, being less dense' than black, will cause the contours to 
appear somewhat subdued on all direct reproductions. 


PROBLEMS 

1. A transit is set up at A X, the elevation of which is 721.3. The top 
of the tnangulation station is at ground elevation and on a ridge line. The 
distance from this top to the horizontal axis of the transit (H.l.) is 4.76 feet. 

1 = 100.00, f + c = 1.00 foot. 

Stadia readings as follows were taken at ground points in the vicinity 
of A A': 


Ukadinu No. 

Hod 

Intkk< ept 

1 

4.68 

2 

5.47 

3 

6.31 

4 

3.06 

5 

1.66 

6 

2.61 

7 

3.67 

8 

5.52 

9 

5.00 

10 

3.09 

11 

2.81 

12 

2.49 

13 

4.20 

14 

3.53 


Tritj- 
Amu th 

Vertical 

\nole 

0° *= No in n 

352° 12 

- 3° 10' 

24° 05' 

- 2° 41' 

38° 41' 

- 2° 28' 

58° 16' 

- 3° 38' 

104° 22' 

- 4° 37' 

95° 27' 

- 1° 10' 

79° 28' 

- 0° 56' 

69° 17' 

- 1° 30' 

92° 51' 

- 2° 06' 

152° 48' 

- 1° 10' 

164° 25' 

- 0° 46' 

195° 45' 

+ 0° 09' 

240° 47' 

- 2° 38' 

287° 36' 

- 4° 07' 


Dew rifiion 


Bottom slope 
Bottom slope 
Bottom valley 
Point on valley line 
Point on valley line 
On ridge line 
On ridge line 
On ridge line 
On slope 
On slope 
On valley line 
On ridge line 
Bottom slope 
Bottom slope 
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(a) With these data, make up a set of stadia field notes using the form 
as shown in Fig. 352. 

(b) Compute the horizontal distances and elevations using a stadia 
slide rule. 

(c) Compute same values as in (b) using Table V. 

(d) Plot these notes to a scale of 100 feet to the inch and interpolate 
contours using a Moot contour interval. 

Note: The configuration of the ground is such that interpolation of 
contours may be made between the following points: A X-\, A X-2, A X- 
14, 12-13, 13-14, A X-12, 3-4, 4-5, A A-5, 5-11,11-12, 8-7, 7-6, 4-7, 6-9, 
and 11-10. 

2. The following stadia measurements have been made in the field: 


Reading No. 

Rod Intercept 

Vertical Angle 

1 

8.46 

+ 22° 14' 

2 

0.54 

- 0° 34' 

3 

5.62 

- 5° 42' 

4 

2.12 

+ 0°08' 

5 

1.18 | 

I - 7° 15' 


(a) Compute horizontal and vertical distances by Table V, with the 

stadia slide rule and by interpolation in the stadia formulas when is 
100.00 and / + c is 1.00 foot. 1 

(b) The same as (a) except that the instrument used is of the internal 
focusing type. 

(c) The same as (a) except that is 99.81 and / -f c is 0.75 foot. 
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CHAPTER XXIV 


PHOTOGRAMMETRY 

By Professor H. O. Sharp 
Rensselaer Polytechnic l nstitute 

374. History. Photogrammetrv is the science of using photo¬ 
graphs in the compilation of mosaics and maps. Research in 
this field has been carried out for many years, in fact long before 
the camera was invented. The fundamentals are over two cen¬ 
turies old. As early as 1715, more than a century before the 
invention of photography, Brook Taylor, of Taylor’s theorem 
fame, published a book on linear perspective but it was not until 
1759 that J. II. Lambert of Zurich suggested the value of per¬ 
spective as an aid to mapping. Early experimenters had to 
depend on horizon sketches and the camera lucida.* These 
experiments were carried on for many years but no practical use 
was made of them until about IS 10 when a French engineer, 
Aime Laussedat, applied the principles of perspective to map 
making. His first work was done with a camera lucida but 
improvements in photographic methods and equipment soon 
enabled him to substitute photographs for sketches. 

The work of Laussedat marked the beginning of photographic 
surveying and continued to be its basis until about 1909, when 
Dr. Pulfrich of Germany began experiments in the use of stereo¬ 
scopic pairs of photographs for mapping purposes. 

Photographic surveying entered a new phase through the 
studies made by Dr. Pulfrich and the results of his studies have 
been the basis for most of the modern methods involving the 
use of stereoscopic work with both terrestrial and aerial photo¬ 
graphs. 

Surveying by ground photography was first introduced in 
America in 1886 by Deville, then Surveyor General of the 

* The camera lucida might he likened to a box camera m outside appearance 
but it was not designed to take pictures. The rays of light which entered the 
box through a lent! were deflected 90 degrees to a transparent medium on top 
of the box where the sketching was done. It might be compared to a reflex 
camera except that no pictures were taken. 

47 ° 
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Dominion of Canada. It was of particular value in surveying 
the rugged mountain regions of western Canada. So successful 
was the work of the Canadians that in 1894 the United States 
Coast and Geodetic Survey adopted the use of the photograph 
for mapping along the international boundary between Alaska 
and Canada. In 1904, this organization began experiments in 
photographic surveying in Alaska. 

No important developments were made, however, until 1917. 
A sudden development of the art resulted from the First World 
War, and aerial photographs were used extensively in the 
United States and abroad. The United States Corps of Engi¬ 
neers and the United States Geological Survey cooperated in the 
development of aerial camera equipment and in methods for 
reducing the photographic information to maps. Photogram- 
metry has continued in its development since that time and 
many improvements in planes, photographic equipment, plotting 
devices, and methods have resulted. In fact, hardly a map of 
any size is attempted today without the use of the photograph 
in some form. 

375. Camera. The camera is one of the great developments 
of modern civilization. All cameras have certain fundamental 
characteristics and are designed to record images on a sensitised 
medium. It might be said that a camera is similar to the eye 
of a normal person where the person is constantly recording 
multitudes of images on the retina of the eye. However, in 
this case no permanent record is made on a medium such as the 
negative in a camera. The eye is a more perfect camera than 
its counterpart, the commercial camera, as adjustments of the 
eye for intensity of light, focusing, and directing are all quite 
automatic whereas the camera requires the incorporation of 
adjustable mechanisms to produce a flexibility which anywhere 
approaches the human eye. 

Furthermore, the normal person takes his eye photographs 
in pairs which gives him the added advantage of depth percep¬ 
tion. There are a few stereoscopic cameras on the market 
which take photographs in stereoscopic pairs but this may also 
be accomplished with a single lens camera, as will be explained 
later in this chapter. 
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Courtesy 4 brants Aerial Survey Corp 
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Commercial cameras consist of a miniature dark room or 
box which is built to exclude all light. A lens is placed at the 
front of this box with a shutter to act as a window through 
which light may be admitted. The amount of light is important; 
therefore, the size of opening must be regulated. This is done 



f 

H 


x 



Courtesy Fairchild Camera and 
In strum* nt Corporation 

Fig. 375a. Fairchild Alrial Camera F-51. 

by means of an iris diaphragm usually composed of thin opaque 
plates which may be closed in to form a small opening or ex¬ 
panded to form a large opening. The only light admitted to 
the dark-room box during the exposure is that which is ad¬ 
mitted through the lens and iris diaphragm. 

The light which is admitted is directed to the rear of the 
box where a holier is provided with a sensitized film or sensitized 
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glass plate. The plane in which this sensitized medium 
placed is called the focal plane. 

The distance between the lens and focal plane may be varied 
in most cameras for focusing purposes, but in some cases this 
distance is fixed; in the latter case the camera is called a fixed 
focus camera . 



Courttsy Abrams Aerial Suney Corf* 

Fig. 375b. Abrams Ai t tom\tic Camera Mount and 
Abhamk Precision Explorer Camera. 


Some cameras are equipped with a so-called focal plain* 
shutter. In this case, the light is admitted through a narrow 
slit in a curtain or screen which passes across the sensitized 
medium during exposure. This type of camera is not as common 
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:ts the between-the-lens shutter type but modification of the 
principle lias recently been applied to a method of strip photog¬ 
raphy which will be discussed later. 

Certain characteristics of lenses are important from the 
standpoint of the quality of the resulting photographs and 
their dimensional characteristics. 

376. The Camera Lens. The lens is the seeing eye of the 
camera and the quality and precision of the resulting photo¬ 
graphs depends to a large extent on the lens. * 



rtny Fame 

Instrument Corporation 

Fig. 376. Fairchild Rectoplanigkaph. 


Lens Tests and C Camera Calibrations. With an ever- 
increasing use of stereoscopic plotting instruments, it is impor- 
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tant that a camera of high precision be used and that it bo 
tested and calibrated by an organization fully equipped to do 
this work. The Bureau of Standards is best equipped with in¬ 
struments and personnel to handle these tests. 

Photogrammetrists should appreciate the importance of 
precise camera equipment. In the following paragraphs an 
attempt is made to give some of the fundamental requirements 
necessary for a good camera. 

Elementary Optical Principles. Chromatic aberrations are pro¬ 
duced by‘the different wave lengths of various colors as pro¬ 
jected through the lens. To illustrate, assume that two colors A 



and B enter a lens where they are deflected and come to focus at 
different points, such as A' and B' (Fig. 376a). Under normal 
conditions, there may be many colors entering a lens and all of 
them coming to focus at different points. This distortion is 
known as chromatic aberrations. 

Spherical aberrations are produced by slight imperfections in 
the grinding of a lens. The rays of light entering a lens may 
not come to focus in the same plane. To illustrate, assume 
that four rays of light enter a lens such as A, B, C 9 D. They 
are deflected and come to focus at A /?', C\ D'. (See Fig. 376b.) 

If the lenses shown are used in a camera, it can be seen that 
not all the images will come to focus in the plane of the negative. 
The distortions are greater at the outer edges of a lens. Nearly 
every one has taken pictures at some time and realizes that 
better results are obtainable by using a relatively small aperture 
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opening. In higher-priced cameras, most of the distortions have 
been removed, which is one reason they cost more. 

The F value, such as F-8, F-ll, etc., is the ratio of the focal 
length of the lens to the diameter of aperture. Since a larger 



aperture opening admits a greater amount of light, there must 
be a corresponding reduction in the time of exposure. F-1.9 is 
a relatively fast lens because the size of opening (aperture) is 
larger with respect to the focal length and therefore admits a 
large amount of light. 

I)o not confuse the F values just mentioned with the focal 
length of a lens, which is usually designated by/. 



Fig. 376c. Metrical. Characteristics 
(Infinite Distance). 


The metrical characteristics of an image formed by an ideal 
Ions, free from distortions, are determined by the equivalent 
focal length and the location of the two nodal points. The 
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nodal points of a camera lens are the points of unit angular 
magnification. To illustrate, assume a ray entering a lens from 
a near point at the left and making an angle a with the hon- 
zontal axis at N. It will leave the lens with the angle a at N' 
N and A r/ are the nodal points (Fig. 376c). 

When the points A and B are at infinite distance, the rays 
pass through the rear nodal point and the images formed in 
the focal plane are at A ' and B'. The dotted lines are parallel 
to the heavy lines. When a lens is tested for infinite focus, the 
point N need not be considered. When a camera is used in an 
airplane, the surface to be photographed is at a great, but 
finite, distance from the lens. The conditions shown in Fig. 376c 
can, however, be used as the distance is so great that we may 
assume that a sharp image will be formed in the focal plane. 

The plane of the film can fail to coincide with the focal plane 
by 0.05 mm. without harmful results. It can be shown that 
satisfactory results may be obtained when this condition is 
satisfied: 

»> L 

f = 0.05 

where D = distance to object photographed. 

/ = K.F.L. (Equivalent Focal Length). 

Example. When / = 150 nnn. (6 in.) D must equal oi 
exceed 450 meters (1500 ft.) to satisfy this condition. 

If the distance between nodal points is 3 mm., the angle 
between the lines drawn from the two nodal points to an object 
30 degrees from the axis will not exceed one-half second. These 
values are typical ami indicate the distance to the object. They 
may be considered as infinite for practically all aerial photog¬ 
raphy. 

If / is known, the angle a corresponding to any object point 
may be found by measuring the length I'A' on the negative 
and using the equation, tan a = I'A'/f. 

Object at Finite Distance. If the object and image are at a 
finite distance, the metrical relations are as shown in Fig. 376d. 

This corresponds to a lens used for copying or rectification. 

The magnification M is the ratio of a length in the image plane 
to its conjugate length in the object plane. 
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If points A and A', B and or any other pair of conjugate 
points are joined by straight lines, these lines will intersect at 
a point lying between N and A r ' and divide the distance IV into 
segments, one of which is M times the other. This relation is 
shown by the dotted lines in the figure. 



Fig. 376d. Metrical Characteristics 
(Finite Distance). 

N and N ' do not necessarily lie in the order shown in Fig. 376d. 
It sometimes happens that N' precedes AT, that is, the vertices 
of the projections systems overlap instead of being separated. 


DETERMINATION OF FOCAL LENGTH AND LOCATION 
OF NODAL POINTS 

We may write the following relation 

/ = (f rom Fig. 376c) 
tan a 

and this suggests a method for the determination of the focal 
length of a lens. 

1. Two distant targets are provided, one on the optical axis 
and the other at a known angle a from it. 
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2. These targets are photographed by the lens to be tested and 
the distance l'A' in Fig. 376c measured on the resulting negative. 

3. Substitute these values in the above equations and obtain/ 

4. The back focal length (B.F.L.) is measured from the reai 
vertex of the lens to the position occupied by the photographic 
plate. 

AH lenses having the same equivalent focal length are equiva¬ 
lent in that they will produce equal images. 

Lenses of the same equivalent focal length may have back 
focal lengths that differ greatly. 

A telephoto lens may have a back focal length one-half oi 
one-fourth that of a lens of the more usual type of the same 
equivalent focal length. 

From Fig. 376c, it may be seen that the distance from the 
vertex of the lens to the back nodal point = E.F.L. — B.F.L 

The front focal length (F.F.L.) may be determined by revers¬ 
ing the lens and repeating the process to determine the distance 
from the front surface of the lens to the plane I'IV. The dis¬ 
tance from the front of the lens to the front nodal point may 
now be determined. 

Distortions Due to Aberrations. The statements and equation^ 
mentioned in the preceding paragraphs are all based upon the 
assumption that a lens is free from aberrations. Unfortunately, 
most lenses have these characteristics and therefore give a dis¬ 
torted image. It is impossible to eliminate aberrations entirely, 
but it is the function of the lens designer to so choose the glasses 
to be used and to so arrange the surfaces as to give an image 
substantially free from harmful aberrations when the lens is 
properly used. Each lens, therefore, is a compromise, and the 
preferred compromise is determined by the purpose of the lens. 
This compromise gives rise to the different types of lenses. 

Most military cameras require a fast lens as many pictures 
must be taken under adverse conditions. In this case, it is 
necessary to limit the angle of view to avoid distortions at the 
edges of the photographs. 

On the other hand, for ordinary photographic surveying, it 
is economical to use a lens of wider angle and less speed. In 
this case, the photographer may wait for favorable weather 
and lighting conditions. 
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Aberrations which interest the photogrammetrist are of two 
kinds: 

(a) Those which introduce systematic errors of distortion in 
the metrical characteristics. 

( b ) Those producing lack of definition. 

If a lens is accurately constructed so that all points arc sym¬ 
metrical about the axis, the distortions will also be symmetrical 
about the same axis. Thus, an image will be displaced radially 
toward or from the center of the field. 

If two determinations of the focal length are made by measur¬ 
ing angles a and b and distances /' A' and I'IV of Fig. 37(>c and 
die focal lengths are determined by 

= I'A/ 
tan a 

_ riv 

h tan b 

it will be found generally that the two values of/are different. 
In cases like this, it is usual to define the equivalent focal 
length / as the limiting value/ that is obtained as the angle a 
approaches zero as a limit. 

With this definition of/and distortion present, we may write 

I'A' = / tan « + d x 
riV = / tan b + d„ 

where d is the distortion and will have different values for 
points at different distances from the axis. 

The distortion will be zero for points near the center of the 
field of view and will increase directly with the distance from 
the center outward. 

The National Bureau of Standards is equipped with a preci¬ 
sion camera and with it the distortion may be measured at 
five-degree intervals from 0 to 30 degrees. 

The displacement is designated as + if away from the center; 
therefore the correction will be negative. 

Since the photogrammetrist is interested in / for use in the 
M*ale fraction, arbitrary corrections may be used where distor¬ 
tions exist. By arbitrarily choosing a slightly larger value of /, 
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the corrections may be so distributed that those near the cent* r 
of the field are negative and those away from the center am 
positive. To do this, it is necessary to have a list of the dis¬ 
tortions at five-degree intervals. The distortion of modem 
cameras is usually less than 0.1 mm. even near the edge of 
the plate. 

The focal length furnished by the Bureau of Standards is the 
limiting value of / at the center of the field and has not been 
altered to distribute the errors from the presence of distortion 

From the preceding discussion, it will be seen that the dis¬ 
tortion of a lens used for infinite distance will be different from 
one used at finite distance. Therefore, when a lens is to lx* 
tested, this fact should be remembered and stated in the request 
for testing. A more complete description of camera calibrations 
may be found in Photogram metric Engineering , Vol. Ill, 
Number 1.* 



377. Determining the Value of /. It will be noted from the 
foregoing discussion that the focal length of the camera must be 
known. This may be furnished by the maker of the camera, 

♦The title o! the article is “The Interpretation of Lens Tests and Camera 
Calibrations." by Irvine C. Gardner. 
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but often the photographer must determine the focal length of 
lus camera. 

1. In Fig. 377, assume I to be the position of a camera lens 
and that two points A and B are photographed, giving the 
images a and b on the negative. Cc is the axis of the camera 
lens; / is the focal length of the camera lens as indicated. 

2. Measure carefully the angle y. This can be done with 
a transit. 

3. Measure the distances x and x f on the negative along the 
horizon line. The problem then is to find / knowing x , x', and y. 


Proof. From Fig. 377 


and 


tan a = y and 


tan « tan fi 


tan d 
xx' 

~ P 


f 


From trigonometry we have the following transformation 
equation: 


tan (a + 0) 


tan a + tan 0 
1 — tan a tan /St 


Using this transformation in our problem, we have 


tan (a + fi) = tan y = 



1 - 


x f 

x 

XX' 

p 


Remembering that / is our unknown, we have 




f , xx'\ 

X . 

■r' 


tan y | 


,= / + 

/ 


/ 

'f* - rx'\ 

X . 

x' 

or 

tan y ( 

l P~) 

I = / + 

f 


tan y (p — xx') = fx + fx f 


or 

or 


P - xx' 


/(* + *o 

tan y 



x + x 
tan y 
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Completing the square of the left-hand member of this equation 
by adding to both sides the square of one-half the coefficient 
(if /, we have 



Next, take the square root of both sides: 


x + x'_ = 
2 tan 7 

/ = 




In this equation we have x, x', and 7 in the right-hand mem¬ 
ber which are known and therefore / can be found. 

378. Terrestrial Cameras. Much emphasis has been placed 
upon Aerial Photographic Surveying and it is one of the great 
developments in recent years. However, no text would be 
complete without some mention of Terrestrial Photographic 
Surveying. The terrestrial photograph has been used in survey 
work for many years and many of the fundamentals of metrical 
photography were developed before the invention of the airplane. 

A revival of interest in terrestrial photographic surveying has 
taken place in recent years and new instruments and cameras 
have been developed. Certain phases of small photographic 
surveys may be done more economically on the ground. A 
calibrated camera is about the only extra piece of equipment 
over and above the normal equipment needed by all surveyors 
This camera may be a remodeled plate camera with methods 
of leveling and the calibration for the metrical characteristics. 

379. Principal Point. The principal point of a camera is 
defined as “the point at the foot of the perpendicular dropped 
from the rear nodal point of the lens.” All planimetric and 
topographic mapping assumes a correctly located principal point 
and depends upon this assumption for accuracy. Any deviation 
from the correct position will cause errors both in elevation and 
horizontal position. 
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380. Fiducial Marks. These marks (also known as the 
(ollimating marks ) are placed at the center of each edge of the 
negative opening and are placed so that they record images on 
each photograph. The principal point of a photograph may 
then be located by the intersection of lines drawn through the 
fiducial marks See Fig. 381 in which a represents the fiducial 
marks and c the principal point. On precise photographic 
cameras, the fiducial marks are adjusted so that the intersection 
will lie within 0.005 of an inch of the center of the focal plane 
opening. Furthermore, the fiducial marks are so adjusted that 
the projected lines intersect at an angle of 90° ± 1'. 

381. Focal Plane Flatness. Errors caused by failure to main¬ 
tain the emulsion surface flat in the focal plane can be large, 
non-uniform, and consequently serious. Not only does failure 



of the film to lie flat in the focal plane cause metrical errors but 
it also may impair the photographic quality. Provision must 
be made to keep the film flat as in the Fairchild Precision Camera 
in which a locating film back is provided with vacuum holes 
which hold the film tightly against an accurately finished 
plate. 
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382. Shutter. Focal plane shutters under normal conditions 
of use can cause a distortion of the metrical characteristics of a 
negative approximately four times greater than the combined 
distortions from other sources. The “between the lens” shutter 
is recommended for precision cameras as its simultaneous ex¬ 
posure over the entire negative eliminates metrical distortions 
in the negative. Speeds usually range from 1/50 to 1/300 of 
a second. 

383. Filters. Filters are used for practically all aerial photo¬ 
graphic work. Great care is used in selecting optically flat col¬ 
ored glass for this purpose, as much of the accuracy of a camera 
may be offset by the use of poor filters. 

384. The Negative. Film or glass plates may be used in 
survey cameras. Film is used more often than glass plates 
because of its compactness and weight per photograph. Film, 
however, may introduce distortions if it is not held flat in the 
focal plane at the instant of exposure. It is quite common 
practice to use glass plates in a terrestrial camera and film in 
an aerial camera. However, one of the leading commercial 
companies in this country is using a plate camera for aerial 
work with excellent results. 

385. Perspective. All photographs are perspective views so 
that a photogrammetrist should have a thorough understanding 
of the methods used in the construction of perspectives. The 
same principles of perspective are used in both terrestrial 
photographic surveying and aerial photographic surveying. In 
the normal construction of a perspective, a person usually starts 
out with the plan view and an elevation view. From these 
views he proceeds to imagine the object placed at some point 
behind a picture plane on which the perspective is to be 
drawn. 

As a preliminary we shall define some of the common terms 
used in developing our fundamental concept of a perspective 
drawing. 

Perspective Definitions. The fact that the same princi¬ 
ples of perspective are used in both terrestrial photographic 
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surveying and aerial photographic* surveying necessitates a few 
definitions in perspective before entering the theoretical dis¬ 
cussion of photogrammetry. 

All photographs are perspective views, and it is the duty of 
the photographic mapper to change these photographs into 
plan or orthographic views. In other words, he reverses the 
process which is ordinarily followed in making a perspective 
\iew, because* in this case he starts with the orthographic views 
and constructs the perspective. In photographic surveying the 
perspective view is furnished and it is required to construct the 
orthographic plan view. This latter method is sometimes called 
jeonometry. 

These terms are in common use and should bo thoroughly 
understood before further discussion : 

Ground Plane — A horizontal plane* usually selected below the 
lowest point in the territory to be mapped. 

/ — The position of the eye or the optical center of the 
camera lens. 

SP — The station point or the horizontal projection of I 
on the ground plane. 

C — The center of vision. 

Picture Plane — A vertical plane located between the eye or 
camera lens and the object, and perpendicular to the 
optical axis of the camera lens. 

Horizon Plant - A horizontal plane containing the eye or 
the camera lens. 

Principal Plane — A vertical plane perpendicular to the 
horizon plane and also the picture plane and containing 
the point I. 

Horizon Line — In Fig. 385 it is the line HIP. It is the line 
found by the intersection of the horizon plane and the 
picture plane. 

Principal Line — Line PL , Fig. 385, the line formed by the 
intersection of the picture plane with the principal plane. 

Ground Line —Line GL, Fig. 385, the line formed by the 
intersection of the picture plane with the ground plane. 

Principal Point — Point (\ Fig. 385, the point of intersection 
of the principal line with the horizon line. 
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Negatives and Positives. If we consider the point I to be 
a camera station and the optical center of the camera lens, the 
actual photograph taken will he on a plate or film in back of the 
lens and at a distance /, the focal length of the lens. This 
photograph will be inverted. To simplify the use of this photo¬ 
graph we will consider the photograph in front of the camera, 
erect and at the same distance / as the plate or film was from 
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the Ions. The transposition is shown in Fig. 385a. The camera 
plate shown in Fig. 385a is called the negative and the picture 
plane is called the positive. A paper print made from a nega¬ 
tive is called a photograph; a positive print made on a glass 
plate is called a diapositive. 

Perspective Construction. We will now construct the 
perspective view of a simple solid from the plan and elevation 
\ie\\s and then attempt to show how the reverse construction 
would be made, that is, make the orthographic plan view' fiom 
the perspective view 7 , since m photogrammetry it is the per¬ 
spective view that is furnished by the photographs. 

In Fig. 385b is shown the plan and elevation views of a solid 
abcdcfgh . Let us imagine that this is photographed from a 
camera station and the position of the camera lens is indicated 
at the point 7 and the horizontal projection of this point on the 
ground plane is at SP. The picture plane as shown is at a 
distance f from the point /. In making a perspective drawing 
the plan and elevation views are drawn from the knowm dimen¬ 
sions and placed at some given angle with the picture 4 plane, 
i ( , the position of the point 7 is known with respect to both 
the plan and elevation views and the picture plane. 

Sieps in Making the Perspective 

1. Assume the ground line as shown, which, it will be re¬ 
membered, is the line formed by the intersection of the picture- 
plane with the ground plane. This line can be assumed at an} 7 
convenient distance. The picture plane is simply biought 
forward so as not to complicate the drawing. 

2. Draw the horizon line at a distance of I-SP , Fig. 385b, 
part b y above the ground line and parallel to it. 

3. From 7, part a, draw lines parallel to sides ac and ab, 
respectively. These two lines will intersect the picture plane 
at FP, and VP 2 , which are the vanishing points of the two lines 
and all other lines parallel to them. 

4. Project the vanishing point straight down to the horizon 
line at FP/ and FP/. 

5. From 7, part a, draw 7 the visual rays to ah t be t cg f and 
df, and where these lines intersect the picture plane project 
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Fig. 385b. Perspective Construction. 


8. Project a line from k straight down until it intersects the 
ground line at h'. This line will be in the picture plane and 
true distances may be laid off on it. 

9. From h f measure the distance h f a f equal to h!a! from 
part 6. This is the height of the solid as measured in the eleva¬ 
tion view. 

10. From a! and h' of part r, draw lines to VP\. These lines 
intersect the line dropped down from M at a and h in part f, 
which are the perspective views of these points. 
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11. Other points of the solid are found in like manner. 

12. It is to be noted that sides ab , he, dc , and fg , if extended, 
will meet at V7Y, and sides bd, ac % ef , and will meet atV7Y- 
Ml vertical lines of the solid will appear as parallel vertical 
lines in the perspective view. Horizontal lines of the solid 
parallel with the picture plane will appear as horizontal lines 
in the perspective. 



Courtesy Fairchild Camera and 
Instrument Corporation 

Fig. 386. Transit Camera 
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386. Terrestrial Photographic Surveying. Terrestrial photo¬ 
graphic surveying furnishes rapid, economical, and accurate* 
procedures which may be used on small jobs. It is not necessary 
to have a large amount of expensive equipment to accomplish 
good results. In fact, about the only extra piece of equipment 
is the phototheodolite or the transit camera. 

387. Iconometry. As has been stated, photographs are per¬ 
spective views. Therefore, some method must be used to 
change from a perspective to a plan view of orthographic 
projection. The process used is sometimes called iconometry. 
A person must have an understanding of perspective in order 
that a reversal of the perspective theories may be carried out. 
Some of the general procedures will now be considered. Refer 
again to Fig. 385b; we will start with part c known. Tin* 
required information to locate an object is: 

(a) The focal length of the camera lens. 

(b) The scale of the map. 

(c) The plotted position of the camera station. 

(d) The direction to an object shown in the photograph. 

(e) The elevation of the camera station. 

(f) If one photograph is used, the elevation of the photo¬ 
graphed object must be known. 

Let us suppose that the position of I is known and, knowing/, 
we can draw the picture plane a distance of / from the point /. 
From I the direction of the visual ray to points a and h are 
known so that the line IM can be drawn indefinite in length. 
Point a will lie somewhere along this line. The point C can be 
located on the photograph because a perpendicular from / to 
the picture plane will give this point (see Fig. 385). The point C 
is called the principal point. The horizon line is drawn through 
this point and parallel to the picture plane. Having located C , 
we can draw the ground line parallel to the horizon line and 
at a distance of I-SP below, Fig. 385b(6). This is the elevation 
of the point J. On the photograph (perspective view) measure 
the distance Na and lay this off to scale on the line cN (part b). 
Next draw an indefinite line la (part b). If the elevation of a 
above the ground line is known, the indefinite line la is extended 
until a'h' (part b) is equal to the elevation of point a . Point a is 
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thon fixed in elevation. Extend a line from this point hori¬ 
zontally across to meet the indefinite line la in part a, and the 
point a is located in the plan. In a similar manner other points 
can be located. 

Two Photographs. It will be noted that in the last para¬ 
graph only one photograph was used and that in order to use 
only one photograph it was necessary to know the elevation 

A 



of the object to be plotted. This can be used only in special 
cfises because usually the elevations of a number of points 
in a photograph are not known. To eliminate this difficulty two 
photographs can be used. The following discussion will show 
how this is accomplished. 

In Fig. 387(a) let us assume that photographs of a point are 
taken from stations S\ and Sz. Let this point be A. Each 
photograph must include the station at the other end of the 
base line. The length of this base line (S 1 S 2 ) is known and the 
elevation of each station is known. The two plate positives 
are shown in Fig. 387(a) with the photographed image of the 
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point A and the stations shown, designated by a and o' h»r 
the point and by s, and ,s* 2 for the stations; r and c' have tin* 
same meaning as before - the principal point of the respect i\o 
photographs. Figures 387(6) and 387(c) represent the photo¬ 
graphs as viewed by an observer when held directly in front of 
him. Coordinate axes an 4 drawn on all the representations of 
the photographs. These enable the observer to measure jr and 
y coordinates of points shown on the photographs. Cameras 
used for mapping purposes have some means of .indicating the 
points through which these axes must be drawn. Some points 
appear on the edge of the photograph as small notches, others 
have very small circular dots. Figures 387(6) and 387(c) are the 
photographs from which the measurements should be made. If 
Fig. 387 (h) were projected into the ground plane, Fig. 387(d) 
would result. The two picture traces are shown as GL and G f IJ 
If these* two traces arc* properly oriented with respect to each 
other, a line* drawn from through a h will intersect a line* 
through S 2 and a h ' and A n (Fig. 387(d)). This is the location of 
the point A in plan. Other points can be located in a similar 
manner. The location of a h in Fig. 387(d) can be* accomplished 
by measuring the distance cn h on the* photograph (Fig. 387[b]) 
and making ca h equal this in Fig. 387(d). The same process can 
be used on the other photograph to locate a h '. These are the / 
coordinate's of the photographed point. 

Elevation of Points. In Fig. 387(a) the line's M \A, SiAn, 
and A An form a vertical right triangle in which A An is the 
height of A above the station Si since Si*4// is a horizontal line. 
Let us now imagine this triangle laid over on its side so that 
it will appear in the plane of the paper and can be plotted as 
shown in Fig. 387(d) as $\AA H - To construct this triangle*, 
measure a A a (Fig. 387[6]) and lay this distance* off on a per¬ 
pendicular to the line SiA h at a h , Fig. 387(d). Now draw the 
line Nifl (Fig. 387(a)) to meet a perpendicular erected at Ah- 
The line* AA„ of Fig. 387(a) is equal to AA H of Fig. 387(a) and 
is the* elevation of the point above Si. 

Okies n\u the Picture Trace. As stated in the last 
article, it is necessary to have the picture traces of the two 
photographs properly oriented. The following is one common 
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method of accomplishing this without any great difficulty. 
Referring to the lower right-hand part of Fig. 387(d), we see that 
the distance s„'c' is measured from the photograph, the dis¬ 
tance r'»S 2 is /, the focal length of the photograph. From the 
triangle c'Stfi/ the hypotenuse s H '$ 2 is given by the equation 

8,/Si = V(v?)T+7i 

1. Lay off this distance from S 2 to s H f and, with this as a 
diameter, construct a semicircle s,/v'S 2 . 

2. Next with / as a radius and a center at <N», describe an arc 
cutting the above semicircle at c'. 

3. Points Si/ and c f are two points on the picture trace and 
thereforetV'// can be drawn. 

4. The same process can be used in plotting the picture trace 
of the other photograph and will be shown at (!L. 

The picture traces are now oriented with respect to S i and 
S 2 ami with respect to each other. Since the locations of >S\ and 
$2 are known and the elevation of each is known, we are ready 
to determine the location and elevation of points appearing in 
the photographs as explained in the preceding article. If 
contour lines are to be drawn by this method it is necessary to 
find the location and elevation of numerous points and them 
interpolate as in any stadia or plane-table survey. 

Procedure in Making a Terrestrial Photographic 

SlRYEY. 

Field MWA' 

1. Establish a number of triangulation stations by the usual 
transit methods. The selection of these stations is important 
in order to get good intersections. The highest points do not 
make the best, as is usually the case in a triangulation survey, 
because the photograph will contain too much sky and clouds. 

2. Occupy the triangulation stations with the camera, taking 
as many photographs as will cover the territory to be mapped. 
A general sketch and numbering the photographs will assist 
in the office work when compiling the finished map. 

3. All points to be located should appear in at least two 
photographs, preferably three or more for checking. 
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4. If a transit camera (sec Fig. 386) is used, angles between 
the camera axis and a known base line are measured. 

’ 5. If no angles are measured, each photograph should contain 
the photographed image of one or more adjacent triangulation 
stations. 

6. Negatives should overlap so that the points to be mapped 
are common to two adjacent pictures. 

Plotting. 

1. Plot all triangulation stations by coordinates as for am 
triangulation system. 

2. Draw on the map the picture traces as previously explained 

3. Draw coordinate axes on the photographs so that .r and 
y coordinates of points to be located can be measured. 

4. Horizontal positions of points are then found. 

5. Elevations of points are found by methods previously 
explained. 

6. If contours are to be drawn, the elevations of a numbei 
of points are determined and the contours interpolated for, 
in transit-stadia or plane-table work. 

Sketching from a Grid System. This method is par¬ 
ticularly adapted to making sketches of the shore line of lakes 
because in this case the elevation of the water surface can 
easily be determined and used to advantage in making the map 

In Fig. 387a assume that wo have photographed a lake from 
the camera station I and that we know the elevation of this 
camera station above the water level of the lake. 

1. On a piece of mapping paper draw a grid system to any 
desired scale as in part a. This grid is composed of a block 
of squares of equal size. Take the lower line as the intersection 
of the picture plane with the plane of the paper. 

2. On the center line extended, plot I a distance of / (focal 
length of camera lens) from the picture plane. 

3. Draw lines la A, IbB, IcC , etc. 

4. In part b draw a line to represent the elevation of the 
water surface of the lake ( WL ). 

5. From the known elevation of the camera station above 
the water level, plot to scale the position of V (part b ). Through 
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this point draw a line parallel to the water-surface line. This is 
the horizon line, intersecting the picture plane at V'. 

6. Extend parallel horizontal lines (part a) across to the 
water-surface line of part b (like a', etc.). From each inter¬ 
section draw lines to /' (part b ). 

7. Measure distance V'd' (part b) with a pair of dividers 
and lay off as Vd" (part c). Draw line a"-g" (part c). 



Fig. 387a. 
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8. Project points a, b, c , d, etc. (part a), to a", 6", c", tT, 
etc. (part c). 

• 9. Draw lines to vanishing point F (part c) as a"F, b' T, 
c"F, etc. 

10. From part 6 measure F'A' and lay off (part c) as Vh" and 
draw a line through this point parallel to A-G. Proceed in this 
manner until all horizontal lines are drawn in part c. 

The grid just described can be laid out on the photograph 
or on a piece of transparent celluloid or glass. If *it is made on 
a separate sheet, this sheet is used to superimpose on the 
photograph. 

We are now ready to transfer the shore-line points to the 
plan or map. Transfer, point by point, from the perspective 
view to the corresponding squares in the plan view. The rela¬ 
tive position of points in the perspective view can be estimated 
quite closely by eye or can be scaled if a more accurate map 
is desired. 

The fundamentals of this scheme are used by the Canadian 
Government in mapping thousands of square miles of territory 
from oblique aerial photographs. This method will be dis¬ 
cussed later under Example No. 2. 

AERIAL PHOTOGRAMMETRY 

388. Aerial Photography. Aerial photography has so many 
uses in all branches of civil engineering that a complete coverage 
in this chapter is quite impossible. An attempt will be made 
to cover many of the more common uses of aerial photographs 
along with some of the practical applications. 

The aerial photograph must be of the highest quality and, 
therefore, the use of a precision camera and low shrink film and 
paper are the first and most important considerations. 

In general, aerial photographs may be classed as (1) ver¬ 
ticals; (2) obliques; and (3) composites. 

(1) Verticals — those photographs taken with the axis of the 
camera in a vertical position and taken directly beneath 
the plane. 

(2) Obliques — those photographs taken at an inclined angle. 
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(3) Composites — a combination of the first two such as 
those taken with the three-, four-, or five-lens camera. 
In this case the center picture is a vertical and the ethers 
obliques. The obliques are usually rectified into verticals 
afterward. 

389. Fundamental Principles. The fundamental principles as 
u^ed in terrestrial photographic surveying apply to aerial photo¬ 
graphic surveying except that many errors and distortions are 
introduced into the aerial pilotograph which are not apparent 
in the terrestrial photograph. In terrestrial photography the 
camera is rigidly fixed. Plenty of t ime is available for exposures, 
reading angles, etc. Also the ground stations are accurately 
located by a system of triangulation. These conditions do not 
exist in aerial work. The camera is in a fast-moving plane 
when* exposures must be made* in rapid succession. The alti¬ 
tude of the plane at the instant of exposure must be known. 
The direction of flight and any tilt and swing are* all factors 
which may cause distortion in the* photograph anel are* all 
difficult to control. 

To cover a large area, the photographs are taken in flight 
strips so that they are overlapped at le*ast 50 per cent (usually 
00 per cent) in the direction of flight (called enel lap) anel about 
30 per cent between adjacent flight strips (called siele lap). 
This overlap assists in matching the photeigraphs anel permits 
the use of a stereoscopic instrument in viewing them. (Se*e 
Fig. 391.) 

390. Four Parts to the Survey. There are really four parts 
to the making of a map from aerial photographs: 

(a) The flying 

(b) The photography 

(c) The ground control 

(d) The constructiem of the map 

The first tw r o are not the duties of the engineer as a rule. The 
latter two are the duties of the engineer. It is of advantage to 
the engineer to know how the pictures were taken and a few 
of the difficulties of the pilot and photographer. 
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391. Errors and Distortion. The point on the ground direct 1\ 
beneath the camera lens is called the “ground nadir point, 
sometimes the “plumb point.” This is the point that would 
be indicated by a plumb line if it could be suspended from the 
lens at the instant of exposure. 

The “principal point” of the photograph is as described in 
terrestrial photography, the point formed by the intersection 
of the coordinate axes. 


Direction 
Of Flight 



< Return 
Flight 


Aerial cameras are equipped with level bubbles, and some 
photograph the position of the bubbles at the same time that 
the exposure is made. Experiments have been made with 
gyroscopic instruments for leveling the camera but have not 
met with much success. 

If the camera is level when the exposure is made, the nadir 
point and the principal point will coincide. This condition is 
difficult to obtain; therefore information on the photograph 
must be used to determine the amount of tilt and the resulting 
displacement of these two points. 

Swing and crab are introduced owing to the fact that the plane 
must be headed slightly off the course to compensate for wind 
and air currents. 

The ground speed of the plane and the altitude of the plane 
at the instant of exposure must be known. The area covered 
in one exposure must be known and the bearing or azimuth of 
the courses taken by the plane. 
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392. Overlap. Overlap means that photographs are taken 
so that certain portions of the terrain appear in several pictures. 
The customary overlap in the direction of flight is 60 per cent; 
the side lap is usually 30 to 50 per cent. Figure 391 illustrates 
the general scheme of taking these photographs. 

Reasons for Overlap 

1. To orient prints to form a continuous flight strip. 

2. To permit the use of a stereoscopic instrument. Only the 
overlapped portion is available for this work (must have at 
least 50 per cent overlap). 

3 The central portion of the print is less distorted than the 
outer edges. With overlapped photographs the out cm portion 
can be discarded. 

In Fig. 391, the photographs are set over to illustrate overlap, 
but, in actual practice, the edge's of a flight strip should be as 
near to a straight line as possible. It requires very good flying 
and proper equipment to accomplish a flight mission which give's 
straight photographic strips and pictures that are free from tilt. 


393. Scale of the Photograph. Photographs are perspective 
views and are formed by the light rays which form a cone as 
projected from the ground to the lens of the camera. Passing 
through the lens they form a smaller cone which is intercepted 
by the negative in the camera. Figure 393 represents the ideal 
condition, with the ground level and the plate or negative in a 
horizontal position and parallel to the ground plane. 

The scale of the photograph is determined by a simple propor¬ 
tion (sometimes called the scale fraction). 


Scale = 


AB 

ab 


H 

f 


In words it is the ratio of the altitude of the lens to the focal 
length of the lens. If H is in feet, as is usually the case, and 
/ in inches, the scale is in feet per inch. 

The altitude of flight may be anything from 5000 feet to 
o miles. Flights at less than 5000 feet are usually difficult to 
control because of the uncertain air conditions near the ground. 
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Horizontal Plate 



Fia. 393. Dktkrmination of Scale. 


Area Covered. If the scale of the photograph is known and 
also the length and width of the exposed portion, the area of the 
ground covered in one photograph is determined by the equation 

Area — (length X scale fraction) X (width X scale fraction) 

Example: Assume that the altitude // = 10,000 ft. and the 
focal length of the lens = 10 in. 

1 he scale fraction = -? = — = 1000 ft. per in. 

/ 10 m. 1 

Let the size of the exposed negative be 7 in. X 9 in. The 
ground area is then found by the following: 

Area = (7 X 1000) X (9 X 1000) = 63,000,000 sip ft. 
Reducing this to acres and then to square miles, we have 


63,000,000 

"43,560 


1446 acres (approx.) 


1446 

640 


= 2.26 sq. mi. (approx.) 


This means that each exposure covers an area of approximately 
2.26 sq. mi. of territory. 
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394. Time Interval of Exposure. Now assume that we want 
to determine the time interval between exposures in making a 
flight strip (using the information derived in § 393 and assuming 
•i ground speed of 100 miles per hour). 

r«dng an end lap of 60 per cent and the 7 X 9-inch photo¬ 
graph, we should cover, in the direction of flight, a distance of 
2S00 leet between exposures. 

7 X 1000 X 0.40 = 2800 ft. 

In the above equation 

7 in. = the length of the negative 

1000 = 1000 ft. per in. the scale of the map 

0.40 = 100% - 60% 


Since the speed of the plane is 100 miles per hour, this reduces 
to velocity in feet per second in the following formula: 


then 


V = 


5280 

3600 


1.467 S 


V = 1.467 X 100 = 146.7 ft. per sec. 


2800 

146.7 


19.1 second (say 19 second.) 


This means that exposures should be made every 19 seconds 
during the flight. In this case and similar problems, use the 
next lower number to insure at least 60 per cent end lap. 

395. Number of Pictures to Cover a Given Area. The total 
number of photographs required to cover an area will be the 
total area divided by the area of each photograph. This pro¬ 
vides for no overlap. Assume as before that the overlap in the 
direction of flight (end lap) is 60 per cent and the side lap is 
30 per cent. 

Then each photograph will in reality add only a small portion 
of new area. The percentage of new area will be 

(100% - 60%) X (100% - 30%) = 28% 

There will then be 100/28 more photographs required than if 
no overlap were used. 
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Suppose that an area of 80 square miles is to be covered ami 
the scale is 1000 feet per inch on a 7 X 9-inch print. 

The area in square feet = 80 X 5280 X 5280 

= 2,230,272,000 sq. ft. 

The number of prints with no overlap then is 

2,230,272,000 ., p f , op t 4 

~ 706 0 X ~ 9 0 00 = 354 < sa y 36 ^graphs) 

Then with overlap 

T X 36 = 128.6 (129 photographs required) 

396. The Stereoscope. Nearly everyone has looked through 
a stereoscope at one time or another such as the old parlor 
stereoscope which was common in every home at one time. It 
consists of two eyepieces with magnifying lenses and a carriei 
for two photographs. When viewing these photographs, the 
objects therein stand out in relief; that is, one not only sec* 
vertical and horizontal distances but is able to perceive depth 

In order to get stereoscopic vision, the two photographs must 
be taken from two different viewpoints. In operating the stereo¬ 
scope, the right-hand view is seen with the right eye and the 
left-hand view with the left eye. These two views are merged 
together to form one picture in which length, height, and depth 
are clearly visible. 

397. Stereoscopic Vision. The phenomenon of binocular oi 
stereoscopic vision is exceedingly complex and investigators do 
not yet agree entirely as to its explanation. The following is an 
explanation of some of the simple principles which are the onh 
ones in which we are particularly interested. 

In binocular vision two things enable a person to judge dis¬ 
tances. They are — 

1. The relative position and size of the objects 

2. The stereoscopic principle of parallax. 

In Fig. 397 assume that E and E' represent the position of the 
two eyes of an observer. The curved arcs below E and E' repre- 
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-,ent the retina of the two eyes. In viewing a distant object O 
the retina of the left eye is impressed at o and the right at o' and 
therefore 0 is at infinite distance. Now assume that a nearer 
object is viewed, 0„ being a near corner and Of a far comer. 


0 0 



The retina of the left eye is impressed at o and the right eye at 
o’f tor the far comer and o'„ for the near comer. The angles 
0 1 and /8 2 are termed the angles of parallax for the two objects 
and a the differential parallax and is expressed by the following 
equation: 


a = 81 — £ 2 . 
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The following physical conditions limit the distance from 
which stereoscopic vision can be perceived: 

1. When the angle becomes less than about 20 seconds the 
observer no longer perceives the spatial relation of points. 
This is the smallest angle which the eye can sense. 

2. The normal distance between the human eyes is 2J^ inches. 

From these limitations the distance EG is about 2100 feet. 
This means that beyond 2100 feet we no longer get stereoscopic 
vision with the naked eye. It is true that we judge distance be¬ 
yond this limit but we do so by the relative size and position of 
objects, light, and shadows. 

It is possible to increase the distance of stereoscopic vision in 
two ways. They are 

1. By increasing the base distance b 

2. By magnifying the field of view 

This principle is employed in ordinary binoculars. By means 
of prisms the objective lenses may be extended so that they are 
5 inches or more apart. Also, the magnification of the image is 
accomplished by means of the lenses. If the base is increased to 
5 inches the angle of parallax is increased by an amount equal 
to the ratio of 5 to 2.5 or 2 times. If the magnification is 4, then 
the stereoscopic vision is increased 2X1 = 8 times. 

The stereoscope is an indispensable instrument for photo- 
grammetnsts and many sizes and forms may be purchased from 
American manufacturers. A magnifying mirror stereoscope is 
preferable and the following description of the Fairchild Model 
F-71 Magnifying Stereoscope will give the reader some of the 
important features to look for in a high grade instrument. This 
instrument differs from the usual type of stereoscope in several 
ways, chiefly m the fact that it uses 4-power binoculars to permit 
close examination and detailed study of small areas of overlapped 
pairs of aerial photographs in addition to simple stereoscopic 
observation. 

Figure 397a illustrates this instrument. It is compact, light 
in weight, stuidv, and accurate. These are essential features 
of a good stereoscope. The optical system consists of tw T o first- 
surface evaporated rhodium-coated mirrors free from double 
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imago* (ghosting); two right angle *45 degree prisms, silvered 
and lacquered on the hypotenuse surface; and two high quality 
lenses of approximately ll^-mch focal length. A pair of 





. 4 


\ 

v f 

‘ J 

Fig. 397a. The Fairchild F-71 Magnifying Silreoscope. 

4-power binoculars having 20 mm. objective lenses and 5 mm. 
p\it pupils are attached to the top of the frame and may be 
removed or tilted back out of the wav when not in use. 
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The optics are arranged to accommodate inter-pupillary dis¬ 
tances from 52 mm. to 75 mm. which makes it possible to train 
a large number of persons with normal vision to use the instru¬ 
ment in a very short time. This feature is of great importance 
to military organizations where various groups such as engineer, 
artillery, infantry, and intelligence personnel may be called 
upon to interpret and catalog the information afforded by 
aerial photographs. 

The magnifying feature of a stereoscope is particularly advan¬ 
tageous in the detection and study of camouflage and other 
details of aerial photographs requiring close study. 

398. Stereoscopic Fusion. The following simple demonstra¬ 
tion will illustrate the stereoscopic fusion of points. Take a 
card and place two black dots on it as shown in Fig. 398. 


A 



B 

Fig. 398. Stereoscopic Fusion — Two Dots. 


Next, place a second card perpendicular to the first as at A B. 
Hold this combination directly in front of the observer’s two 
eyes, so that the right dot is seen with the right eye and the left 
dot with the left eye. Now imagine that you are looking through 
Card No. 1. The two dots will slide in toward each other until 
they are merged into a single dot. 

Figure 398a illustrates the geometric condition of this experi¬ 
ment. The two dots have been brought together and appear 
to the observer to be at the point 0 in back of the card on which 
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they were drawn. This is stereoscopic fusion . The depth or dis¬ 
tance to O in back of Card No. 1 will vary with the spacing of 
the dots. 


0 



Ficj. 308a. ( Ii.omkthy ok Fusion. 


Now let us take two pairs of dots as in Fig. 398b. The dots 
(' and D are closer together than the dots E and F . As before 



Fro. 398b. Two Pairs op Dots. 
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a second card is placed perpendicular to the first and the observer 
views the dots. The dots C and D will merge together and the 
dots E and F will merge together, but the top dot will appear 
closer to the observer than the lower dot. 

Figure 398c illustrates geometrically the fusion which takes 
place and indicates why the dots C and D appear at 0 and the 
dots E and F at O'. Thus the spacing of the dots is a measure 


O' 



of the depth. This explains why the floating point in the stereo¬ 
comparator can apparently be moved toward and away from 
the observer by shifting the right-hand pointer. When we 
bring the floating point in contact with the top of the hill (as 
in § 400), we might consider this pointer to be moved from F 
to D and in doing so that the floating point has been brought 
toward the observer from (V to 0. The distance DF is the 
parallactic displacement and is measured on the p scale. 

399. Fundamental Principles. The following discussion of 
fundamental principles has been applied to terrestrial photo¬ 
graphic surveying, but it is to be remembered that these same 
principles may be applied to overlapped aerial photographs. 
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The camera axis is usually horizontal when one talks about 
terrestrial work and the camera axis is usually vertical when 
speaking about aerial photographs. 


Stereoscopic Parallax. Horizontal Distance. Assume that 
two photographs are taken of a range of hills and are represented 
in Fig. 399 as Photograph No. 1 and Photograph No. 2. The 
base distance B is known, as is/, the focal length of the camera 
lens. 

To find the distance to the point .4, we have by similar 
I riangies 


D =i 

B p 


or 


D = 


Bf 

P 


From this equation we can compute D because B and / are 
known and the value of p can be measured from the photo¬ 
graphs. That is, 

p = «ir, + c 2 a 2 


in which p is called the parallactic displacement or absolute 
parallax. 


Negative of 
Photograph No / 


Axis of Camera at Sta / 


i 

i 

i 

i 

B 


u f-A 

Plan 



Elevation 

/ 


, 

Ct Axis of Camera at Sta. 2 

Negative of 
Photograph No. 2 

Fig. 399. Absolute Parallax. 


Difference of Elevation. In Fig. 399a, take the Photograph 
Xo. 2 and use the plate positive instead of the negative. It is 
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A 



possible to measure the x and y coordinates of Point A from the 
photograph. Figure 399b shows the construction necessary to 


determine the required informa¬ 
tion. Referring to that figure, 



Fig. 399b. Stereoscopic 
Parallax. 


1. Draw a line Ic 2 equal in 
length to /, the focal length of 
the camera lens (actual length) 

2. Measure x on the photo¬ 
graph and lay it off as c 2 n 2 and 
perpendicular to c 2 / 

3. Draw Ia 2 . This fixes the 
direction of the ray of light to A' 

4. Erect a perpendicular to 
Ia 2 at a 2 and on this lay off the 
distance y (measured from the 
photograph) 

5. Draw Ia 2 . This will fix the 
direction of the ray of light to A 


6. From the point I lay off 




V 


to an appropriate scale 


and erect a perpendicular intersecting Ia 2 at A'. This locates 
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the horizontal position of A on the map and gives the 
\ alue A" 

7. Erect a perpendicular at A' to la/ intersecting Ia 2 at -1. 
The distance A'A is the difference in elevation between / and 
the point A and is designated by Y 

This process can be repeated for any number of points which 
are to be plotted. 

400. The Stereocomparator. From the preceding section it 
is seen that the location of a point depends on B (the base line), 
/ (the focal length), p (the parallactic displacement), and x and y. 

The measurements x , //, and p can be measured conveniently 
in an instrument called a stereocomparator. Then referring to 
Fig. 399b the following equations will locate any point desired 

Bf 
V 

Bx 
l> 

By 

p 

The stereocomparator as used in practice is a precision instru¬ 
ment, made to make very fine measurements of x y //, and p 
usually by means of micrometer attachments. The principle, 
how’evrr, can be illustrated by a line diagram such as Fig. 400. 
V frame holding two overlapped photographs taken from two 
different viewpoints is shown. These* are viewed through a pair 
of magnifying lenses and are so adjusted that they appear as a 
stereoscopic pair. On the top of the frame holding the photo¬ 
graphs is a movable x scale which can be moved in a horizontal 
direction. The y scale which is held in a slot in the x scale can 
be moved in a vertical direction. This // scale is attached to the 
left-hand floating point. The right-hand floating point is also 
held in the x scale frame and is moved horizontally w'hen the x 
scale is moved, but in addition it can be moved independently 
both horizontally and vertically. 

Refer now* to Fig. 400 and remember that the observer is 
looking at the two photographs stereoscopically so that he sees 
only one picture. Furthermore, he sees only one floating point 


I) = 
A = 
Y = 
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because the floating points are fused together due to the stereo¬ 
scopic vision. When the floating points are at the origins of 
coordinates as shown in Fig. 400 the scales all read 0. 



Fig. 400. The Stereocomparator. 


Now let us determine the location and elevation of the top of 
the hill shown. We need to measure x, y, and p to use in the set 
of equations for D, X, and Y as determined in the first part of 
this section. 
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While sighting through the stereoscope, move the frame carry¬ 
ing the scales horizontally to the right until the floating points 
(only one as the observer sees, but really two) are in line with 
the top of the hill. The points will travel along the horizon line. 
The value of x is read from the x scale. 

Next move the floating points vertically until the points are 
in line with the top of the hill. The value of y is read from the y 
scale. The floating points will be in the positions A and 1>\ 

As the observer sees the merged floating point it will appear 
to be in line with the top of the hill but in back of it. The float¬ 
ing point can be brought forward and in contact with the top 
of the hill by moving the right-hand floating point toward the 
left. This is accomplished by turning the vernier V. In this 
operation, the floating point B is moved to B f . The amount 
that it is moved is recorded on the p scale. This is called paral¬ 
lactic displacement. Thus we have measured x f ?/, and p. 

The fundamental principles of stereoscopic fusion and dis¬ 
placement are common to nearly all stereoscopic measuring and 
plotting instruments and the floating marks in some form are 
always present. The line diagram of the stereocomparator 
represents a very simple instrument and is used here to illustrate 
fundamentals. 

401. Stereoscopic Principle Applied to Aerial Photographic 
Surveying. Two adjacent overlapped photographs from a flight 
strip may be placed under a stereoscope as illustrated in 
Fig. 397a. 

Since the camera axis was vertical when the photographs 
were taken, any stereoscopic displacement of images now cor¬ 
responds to height or difference of elevation. The same funda¬ 
mental principles of the floating marks may be combined with 
the stereoscope and any difference in the spacing of the floating 
marks may be measured. This difference bears a definite rela¬ 
tion to the difference in elevation. All stereoscopic plotting 
instruments have scales (usually micrometer attachments) or 
graphic attachments for measuring the difference in spacing of 
the floating marks. A mathematical solution is necessary when 
the readings are numerical or tables may be prepared to speed 
up the compilation. 
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402. The Stereocomparagraph. One of the simplest stereo¬ 
scopic plotting instruments is the siereocomparagraph. A de¬ 
scription of this instrument will be given, but again it must be 
remembered that the same fundamental principle is used in 
other more elaborate and more expensive instruments. The 
accuracy of stereoscopic plotting instruments is about in pro¬ 
portion to the cost. The prices range from a few hundred 
dollars to several thousand dollars. The more costly instru¬ 
ments have very accurate* measuring devices and complicated 
optical systems, and only a few* companies can afford such 
equipment. 

The stereocomparagraph , illustrated in Fig. 402, is a simple 
stereoscopic plotting instrument. The instrument is at tached to 
a device which allows it to be moved over the photograph while 
maintaining a parallel position. The instrument consists of a 
mirror stereoscope and a right and left lens which rest upon 
the photographs and directly beneath the respective mirrors 
of the stereoscope. A small black dot is placed at the center of 
each lens and these dots form the floating mark when fused 
together stereoscopically. The right lens is adjustable by 
means of a micrometer while the left lens remains fixed. Thus, 
the spacing of the two dots may be changed and the principles 
of § 398 apply. The micrometer is used to record the change 
in spacing of the dots and this bears a direct relation to the 
change of elevation in the stereoscopic model view r ed by the 
operator. The theory of parallactic displacement for a stereo¬ 
comparator may now be applied to determine the difference in 
elevation of points on the ground. Fig. 402a show r s the Abrams 
contour finder w T ith a planimeter attachment. 

If the comparagraph or contour finder is to be used for draw¬ 
ing contours directly, the floating mark is made to rest upon a 
point of known elevation by moving the instrument on its 
parallel arm and by adjustment of the micrometer. Jf the 
instrument is now moved so that the floating mark is kept in 
contact with the ground, as seen in the stereoscopic model, a 
contour line will be traced by the pencil in the extended tracing 
arm. 

The tracing arm is illustrated in Figs. 402 and 402a. The 
next contour level may be plotted by changing the micrometer 
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setting which must be determined for the given contour interval 
The floating mark is brought in contact with the ground and 
the contour drawn. The procedure may be followed throughout 
the entire model. The contours may be superimposed on a 
photograph or upon a planimetric map previously drawn by one 
of the methods outlined in this chapter. 



Fig. 402a. The Abr\mb Contour Finder. 


Stereocomparagraph Theory . The principles of parallactic dis¬ 
placement may be applied to the stereocomparagraph and the 
following analysis is of importance because it applies to a very 
important general principle. The theory may be applied to 
measurements of absolute parallax made with a finely divided 
scale if no stereocomparagraph or similar instrument is available. 

Figure 402b is set up to represent a cross-section through a 
section of terrain where B is the top of a hill and A is at a lower 
elevation. The sea level line represents elevation of 0 feet. 

The following letters and symbols are used to represent the 
elements of the analysis. 

The lens of the camera for the first photograph in the series 
is indicated by L\ and the camera lens of the second photograph 
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is U The negative is shown at a distance of / (the equivalent 
focal length) in back of the camera lens and the positive or 
photograph is shown in front of the lens and the same distance/ 
from L. 

The points N i and JV 2 are the nadir points determined by 
dropping a perpendicular to the sea level plane from L\ and 
L 2 respectively. 



Rays are drawn from the ground points through L\ and L 2 . 
h — elevation of A above sea level 
h* = elevation of B above sea level 
A h = the difference of elevation between A and B 
H = the altitude of the camera lens at the time of exposure 
n 2 = conjugate center or the positive of N 2 on photograph 1 
rii — conjugate center or the positive of N\ on photograph 2 
Oi = image of A on the negative No. 1 
bi = image of B on the negative No. 1 
Oz == image of A on the negative No. 2 
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b 2 = imago of B on the negative No. 2 
a = position of A on the photograph No. 1 

b = position of B on the photograph No. 1 

n f = position of A on the photograph No. 2 

1/ = position of B on the photograph No. 2 

L i<f" is parallel to L 2 A and Lib" is parallel to L 2 B 
f) = absolute parallax of A 
// == absolute parallax of B 
Ap = difference of parallax 

B = Air base, distance bet ween the exposure stations in feet 

B m = Air base projected on the photograph in millimeters if 
Ad is expressed in millimeters. If Ad is expressed in 
inches then B m should be expressed in inches 


Derivation of Fundamental Equation. 

From Fig. 402b 

i>' = p + 
h' = h + Ah 

Referring to Fig. 402b and the similar triangles. 

/> _ B 
f H - h 


or 


P = 


^ Bf 


11 - h 


Referring again to Fig. 402b and the similar triangles. 

B nt f 

B 11 

or Bf - BJ1 


C'ombining these equations 


and 


P = 




B m H 
H - h 

BJ1 
11 - h' 


(For point .1) 


(For point B) 
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or 


BJl 

H - h - Mi 
BJl 

II -h - Mi' p 
BJl BJl 

H - h - Mi 11 - h 
BJIMi 

(II - h - Mi){H - h) 
This equation may now ho sohcd Ah 

(// - h)*Ap 


Simplifying 


P + A p = 
Ap = 

Ap = 


013 ) 


\L _ _ ' 

B m H + (// ~ h)Ap 


When A is at soa level h = 0 and the equation (415) become- 
(415a) 


A* HAp 
Ah = j- r 

B m + Ap 


Example: To determine the elevation of B from a known 
elevation A. 

Lot Elevation of .1 = 295 feet above sea level and let it be 
required that the elevation of B is to be determined by the use 
of a stereocomparagraph. Both points, A and B , must appear 
in photograph I and photograph II of a flight strip. The centers 
or principal points of t lie two photographs are first carefully 
marked. Then mark the center of photograph I on photogi *j>h 
II and also mark the center of photograph II on photograph I. 
The distance between centers on each photograph should be 
indicated by a straight line. Measure these distances and 
express the measurement in millimeters. This value is B m , 
the air base as plotted on the photograph. The two distances 
should be practically the same if the centers were transferred 
properly. The two air bases are now used to “set up” the 
photographs under the stcreocomparagraph. The air bases 
should be in the same straight line and parallel to the straight¬ 
edge of the stcreocomparagraph. 

The photographs should be spaced so that good stereoscopic 
vision is accomplished. If difficulty is experienced, use the 
following simple procedure: 

1. Measure the distance between the floating marks (the black 
dots) when the micrometer is about in the middle of the scale. 
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2. Place the photographs under the stereocomparagraph so 
that the air bases are in a straight line and with the distance 
from the center of photograph I to its spotted position on 
photograph II equal to the distance measured between the 
floating marks. Great care should be used in setting up the 
photographs before proceeding with the reading of parallax. 

Assume that the photographs have been properly oriented 
under the stereocomparagraph. First, take a reading on the 
point of known elevation A . This reading is 4-92 mm. Now 
move the stereocomparagraph to point B and take a reading. 
This reading is 4.61 mm. The altitude of the plane above sea 
level is 5760 feet and the measured air base on the photograph 
( B m ) is 23.5 mm. 

Substituting these values in the following equation gives the 
difference in elevation 


A h = 


(H - h)*Ap 
BJ1 + (// - h)Ap 

A p — 4.92 — 4.61 = 0.31 mm. 
H — h = (5760 - 295) = 5465 feet 
B m = 23.5 mm. 


Then 


Ah - 


(5465) 2 X 0.31 
23.5 X 5760 + 5465 X 0.31 


78.7 feet 


The elevation of B is then 

295 + 78.7 = 373.7 feet above sea level 

In Fig. 402b the Ap was measured in the plane LXX' or the 
plane formed by the camera station L and the air base or the 
XX* axis. The question may arise as to whether the same 
relation of Ap exists if the points in question are on other places 
on the photograph. 

It will be remembered that all displacements due to topo¬ 
graphic relief are measured parallel to the X axis, and the 
stereocomparagraph when moved over the photographs is 
attached to a universal drafting arm and therefore any measure¬ 
ments made on the micrometer are parallel with the X axis. 

Figure 402c is a graphical method of showing that the Ap 
will be the same for a given difference of elevation whether made 
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along the X axis (like ab) or along a line parallel to the X axis 
(like aV). 

It is true that the displacement on the photograph due to 
topographic relief is radial from the center or principal point 
of the photograph when the camera axis is vertical, but the 
X component of this displacement is the quantity measured. 



CLASSIFICATION OF MAPS 

403. Classification. Maps may be classified in the following 
order — 

1. Uncontrolled aerial mosaic 

2. Controlled aerial mosaic 

3. Aerial line map 

4. Aerial topographic map 

5. Aerial-stereotopographic map 
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404. Mosaics. Strictly speaking, a mosaic is not a map. Ii 
is a photograph or a group of photographs matched and assem¬ 
bled to cover the desired area. The assemblage of photographs 
is usually rephotographed so that the final print is on one sheet 
of paper. 

An uncontrolled aerial mosaic is made from contact prints 
without much reference to ground control. The photographs 
may be slightly out of scale and may contain small amounts 
of tilt. 

A controlled aerial mosaic is composed of an assembled group 
of photographs, but in this case ground control is used and the 
photographs are rectified to a common scale with the tilt 
removed. 

405. Maps. An acnal line map is made on a separate sheet 
of paper by transferring data from photographs and is some¬ 
times called a planimetric map. It does not show contours. 

An aerial topographic map is made in the same manner as an 
aerial line map, but in addition to the planimetry it also shows 
contours. The contours are put on by field methods such as 
the plane table. 

An aeriaUstereotopographic map is made from aerial photo¬ 
graphs and the contours are put on by stereoscopic means. 

CONTROL SURVEYS 

406. General. Control may be classified as horizontal ground 
control, vertical ground control, and picture control. There 
may be hundreds or even thousands of photographs taken on 
one project, and these photographs must be properly oriented 
one with another to make a continuous plot. The purpose of 
control is to furnish the necessary information to accomplish 
this matching. Opinions vary as to how much control is neces¬ 
sary in each photograph but it may be said that the more one 
has the better the orientation. The running of ground control 
may be costly, particularly in rough country; therefore research 
is constantly being carried on to eliminate as much ground work 
as possible. In general, it may be stated that at least one ground 
control point should appear in each photograph and three are 
desirable. 
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407. Horizontal Control. Horizontal control surveys are 
made by the usual geodetic and plane surveying methods such 
as triangulation, traverse, and astronomic position (Chapters 
XX and XXI). The general practice is to select the ground 
control stations after the photographs are taken. In following 
this procedure, well defined points which show up well on the 
photograph can be selected. This is of great importance in 
the process of orientation. 

408. Vertical Control. This type of control is obtained by 
spirit leveling, trigonometric leveling, and barometric leveling. 
Control elevations are of extreme importance, particularly when 
contours are to be shown on the resulting map. 

409. Picture Control. This type of control consists of points 
selected on the photograph which have no corresponding ground 
control and are of importance when used in conjunction with 
ground control in the template methods which are discussed 
later. 

410. Plotting Control. Three common methods are in use for 
plotting control. These are 

1. Radial line method 

2. Template method 

3. Slotted template method 

The same fundamental principles are used in these three 
methods, the only difference being the mechanical way in which 
the work is accomplished. The fundamental requirements are 
that the pictures be taken or rectified so that they are nearly 
free from tilt and to the same scale. This means that points 
near the center of each photograph are free from errors caused 
by tilt or elevation. Also, the error at any point caused by small 
amounts of tilt will be in a radial direction from the principal 
point (the intersection of the axes joining the fiducial marks) 
of the photograph. The true position of any point, therefore, 
lies on a line drawn from the principal point through the phoU)- 
graphed position of the point. The location of points are thus 
made in a manner similar to that used in plane table plotting. 
The position of the principal point on the map corresponds to 
the station occupied by the plane table, and plane table direc- 



528 


PHOTOGRAMMETRY 


[Ch. XXIV 


tions taken on any points correspond to the radial lines on the 
photograph drawn from the principal point to other points on 
the photograph. The radial line may be drawn on a tracing 
medium instead of on the photograph. 

If a second photograph is taken which shows the same points 
as photograph number one shows, its principal point would 
correspond to a second instrument station. This second photo¬ 
graph may be oriented with respect to the tracing in a manner 
similar to that used in plane table surveying. Thi§ requires that 
the principal point of each photograph must occur in the next 
adjacent photograph, and that radial lines must be drawn from 
each principal point through the plotted position of the other 
on the same photograph. For this purpose, the position of the 
principal point of photograph No. 2 should be carefully 
spotted on photograph No. 1 which is best accomplished 
by placing the photographs under a stereoscope and using point 
selectors or needle points. 

Radial lines are drawn from principal point number one to 
other carefully selected control points in photograph number 
one. These same control points are spotted on photograph 
number two and radials are drawn through them from principal 
point number two. The intersections of the radial lines locate 
the points as shown in Fig. 410. 


Principal 
Point -s 

Principal 
Point of?-* 

First Photo 


/ 

• i • 

\Principal 
-\t Point d / 
Principal \ 

Point-'’ 

Second Photo 



Fig. 410. Radial Line Method. 


It will be seen that in this procedure the scale has not been 
fixed and that the two principal points may be mapped at any 
distance apart, thus establishing the scale. If three ground 
control points occur in these two photographs they may be 
oriented in the same manner as that used in the three point 
problem with the plane table. This is to be preferred, as the 
map may then be constructed to any desired scale. These 
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methods, therefore, are methods of graphic triangulation which 
may be carried through any desired number of photographs. 

411. Preparation of Photographs. The photographs are 
prepared in the same way for the radial line, template, or slotted 
template methods. The principal point should be located and 
marked on each photograph. The principal point of each 
photograph should also be marked on each adjacent photo¬ 
graph of the flight strip. If this is found difficult, another point 
very near the principal point, which may be identified in the 
two adjacent pictures, may be used. This point should be as 
nearly as possible on the line connecting the principal points 
of the two adjacent photographs. This point is used in the 
same manner as the principal point is used in orienting the 
picture, but the radial lines are drawn from the true principal 
point. 

Six other picture control points are marked on the photo¬ 
graph, three along the right edge and three along the loft edge, 
two being on a line with the principal point of each photograph 
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Fia. 411. 

Nine Picture Control Points. 


as shown in Fig. 411. These points should be marked with a 
pin prick and circled with a colored pencil. In selecting these 
points the photographs should be examined under a stereoscope 
and points near the average elevation of the territory which is 
being mapped should be chosen. These points should be such 
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that they may be easily identified and great care should be used 
in marking them. 

The side control points should be common to two adjacent 
flight strips and the adjacent strip should be studied to choose 
points which are satisfactory for both strips. All ground control 
points should be marked on all photographs in which they occur 
in a similar way but a different color should be used so that 
these points will not be confused with the picture control points. 

412. The Fundamentals of Graphical Plotting. The term 
radial line was first applied to a graphical method of building up 
a triangulation cpntrol on one large sheet of transparent celluloid 
or acetate sheeting. The method as originally used, has been 
modified and the general practice now is to use separate trans¬ 
parent templates or slotted templates to accomplish the same 
results. The objection to the original radial line method was 
the difficulty in making the necessary adjustments for scale and 
matching to the control. A short description of the radial line 
method may be in order but most of the following description 
will be devoted mainly to the template methods. It should be 
remembered that the photographs are prepared in the same 
manner and the same fundamental principles used in all of the 
methods. 

Radial Line Method. We will assume that the ground control 
and picture control points have been selected and marked on 
each photograph. 

Photograph No. 1 of a flight strip may now be placed under 
a large sheet of transparent celluloid on which the ground con¬ 
trol has been plotted to scale. The photographic image of the 
ground control in photograph No. 1 is made to coincide with the 
plotted position of the same control point on the transparent 
map sheet. Next the center of the photograph and radial lines 
are drawn on the map sheet. The radials are made to pass 
through each of the control points marked on the photograph. 

Photograph No. 2 in the flight series is now placed under the 
map sheet and No. 1 may be removed. Assuming that the same 
ground control point appears in photograph No. 2, we may 
proceed in the same manner as with photograph No. 1. It is 
evident that all points which appear in both photograph No. I 
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and photograph No. 2 will now have a two-line intersection 
on the map sheet. 

Next, photograph No. 3 may he placed under the trans¬ 
parent map sheet and the process repeated. Points which 
appear in all three photographs will now have a three-line or 
three-point intersection. 

Adjustments may be necessary if proper checks are not made 
on the ground control points and it is here that the template 
methods are more convenient. 

413. The Transparent Template Method. In this method, 
transparent templates with radials are made for each photograph 
instead of drawing the radials on one transparent control sheet. 
Figure 413 illustrates this procedure with the control points on 
the photograph showing through the templates and the radials 
which are drawn on the transparent template, in preparing a 
template, a pin is stuck into the celluloid directly above the 
principal point of the photograph and this is used as a guide 
for the straightedge which is used in drawing the radial lines. 
Radial lines are now drawn on the template through all the 
picture control points and ground control points. A template 
for each of the photographs is prepared and each template will 
have the appearance of Fig. A 13c. 

After a transparent template lias been prepared for the second 
photograph in a series, they may be overlapped as shown 
in Fig. 413a. 

A third template is next prepared for photograph No. 3 and 
this procedure may be continued throughout the entire 4 flight 
strip. The first three templates of a flight strip arc shown 
in Fig. 413b. Overlapped t ransparent templates such as these 
may be adjusted for scale and the three point intersections 
transferred to a control sheet. This control sheet forms the 
base upon which the detailed map is drawn. 

The templates are usually numbered to correspond with the 
number appearing on the photograph. Various transparent 
materials have been used for templates. One product known as 
vinylite has been successful and is manufactured by the Bakelite 
Corporation. Another, manufactured by Eastman Kodak is 
sold under the name of Matte Acetate . 
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Fia. 413. Eight Points Toward Common Center. 



Fig. 413a. Overlapping. 
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414. Slotted Template Method. The slotted template is a 
modification of the template method in which the templates are 
oriented mechanically. Stiff cardboard or vinylite is used for 
the templates instead of celluloid. The photographs are first 
placed on their corresponding template and the principal point, 
picture, and ground control points are pricked through to the 




Fig. 414. Sloiikd Tlmfl\il \nd Rivet. 

cardboard. These 4 points on the templates should then be 
circled with colored pencil for identification. Radial slots 
3,16 inches wide and 2J4 inches long are then cut in the template 
as shown in Fig. 414. The first template is placed on the draw¬ 
ing table with a “rivet” placed in each slot with the head under 
the template. The second template is placed on the table over¬ 
lapping the first so that the slots to control points fit on the 
corresponding rivets placed in the first template. The rivets 
have a hole through the center through which a pin may be 
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Fig 414a Lazy-Dai*y Mechanical Triavgu ator 
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inserted to prick a point which locates the position of the 
control point on the celluloid mapping sheet. 

Any desired scale, within the limit set by the length of the 
slots, may be used. After two templates have been placed on 
the table, as described, the distance between the principal 
points of the two photographs may be adjusted to establish 
the desired scale. The rivet for each ground control point 
should fall exactly over its corresponding point as plotted on the 
celluloid mapping sheet. The templates are thus assembled 
witli the adjoining flight strips which tie on at the sides. The 
position of each ground control point must check the location 
of that point on the mapping sheet as the work progresses. 
If it does not, adjustments must be made by shifting each 
template slightly until all these points check. 

When the slotted template method is used, photographs 
should be free from tilt. If tilt exists, the templates will buckle 
and cause difficulty in the assembling process. Slotting machines 
are now available which cut the slots and eliminate pricking 
through the photograph. 

An adaptation of the slotted template has been made in the 
use of the “Lazy Daisy Mechanical Triangulator” or, as they 
are sometimes called, “Mechanical Triangulators.” These are 
made from thin sheet steel with slots and holes which enable 
the construction of so-called spider templates (see Fig. 414a). A 
spider template is assembled for each of the photographs in an 
overlapped flight strip. One of these assemblies is shown in the 
lower left portion of Fig. 414a. The arms are held in their 
correct radial position by a center nut tightened down, and then 
the entire spider is removed from the photograph. These 
spiders, made from the consecutive photographs in a flight 
strip, may be assembled in the same manner as slotted templates, 
transparent templates and the like. An assembly is shown in 
the right portion of Fig. 414a. 

415. Detailing Maps. Control such as described in § 407 
is used to orient the photographs in case a controlled mosaic is 
to be made. The photographs are assembled and then the over¬ 
lapped portions are cut away so that the entire assemblage may 
lie flat on a cardboard backing. 
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Fia. 415. The Overhead Ratio Projector. 
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Planimelric maps are made by transferring the detail fron 
the photograph to a map sheet. If direct tracing is too be used, 
the resulting map will be to the same scale as the photograph 
Remembering that the control has been plotted on a large sheet 
of transparent matte sheeting, it next remains to place the 
photographs under the matte sheeting for tracing. They are 
placed singly by making the control points on the photograph 
coincide with the plotted control points on the matte sheeting. 
The set-up is now ready for tracing. Only the central portion 
of each photograph is used. This is made possible by the end 
lap and side lap in the photographs 

The overhead ratio projector. The instrument illustrated 
in Fig. 415 is used to project control and detail on to a map 
sheet to any desired scale. The procedure is as follows: 

1. The control sheet, which has been plotted, is placed in the 
projector and the control points are projected downward to a 
sheet of mapping paper to the desired scale and carefully 
marked. 

2. The control sheet is now removed from the projector and 
the first aerial photograph inserted. Since the control points 
have been marked on the photograph, their images will be 
projected on to the map sheet. The projector is now adjusted 
so that the image of each control point coincides with the plotted 
position of the corresponding cont r< >1 point. When this eonditi< >n 
exists, the projection is properly oriented so that detailing may 
be penciled in by the operator. Succeeding photographs are 
placed in the projector in like manner and the detailing is 
completed. 

416. Contouring by Direct Method. Contours may be plot t ed 
from a stereoscopic pair of photographs by one of several 
methods; the method used will depend upon the available 
equipment and the accuracy which is directly related to the 
scale of the map desired. Standard specifications used by most 
engineers and mapping agencies require that 90 per cent of the 
elevations as indicated by the contours shall be correct to one- 
half of the contour interval. This means that on a map with 
20 foot contours, 90 per cent of the elevations shall check 
within 10 feet. Photogrammetric methods and equipment have 
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been developed to a point where maps of 1" = 200' with 2' con¬ 
tours may he constructed and meet the standard specifications. 

Maps of this kind naturally require expert photography and 
special expensive plotting equipment not usually available in a 
ft mall organization. It is not the purpose of this chapter to go 
into the great refinements of these methods but rather to cover 
the fundamentals. 

Field Methods of Contouring. This is a method which any 
engineer may use who has the average plane table equipment or 
is familiar with the transit stadia method of making a contoured 
map. Photograph enlargements or planimetric sheets prepared 
from photographs may be taken into the field and used as base 
maps upon which the contours are drawn following the normal 
stadia procedures used for many years. 

Elevation by Altimeters. Elevations for contour plotting may 
be interpolated from elevations established by altimetry. Ter¬ 
restrial or aerial photographs may be used to plot the planimetry 
and the elevation of a number of points then established by the 
so-called “Single Base” or “Two Base” method. 

Fundamentally, these methods involve a moderate use of the 
engineer’s level because a few ground control stations are 
necessary. However, the bulk of the elevations, which may run 
into hundreds are determined through the use of altimeters. 

Surveying altimeters are available which an* primarily an 
aneroid barometer. The instruments differ from the older types 
in that they are essentially a precision instrument and therefore, 
give more dependable readings and are built sturdy enough to be 
carried about in all kinds of terrain. A thermometer is also 
included in each instrument. On some models, the scale may l>e 
read by estimation to the nearest foot of elevation; on others, 
with ranges up to 15,000 feet, this accuracy cannot be attained. 

Single-Base Method. The single-base method gives good 
accuracy. One altimeter and a thermometer at the “base” are 
read at five-minute intervals. A “roving” altimeter, previously 
compared for reading with the base instrument, is taken to the 
other point or points to determine the difference in elevation 
between these locations and the base station. Whenever, the 
roving altimeter is read, time and temperature are recorded 
simultaneously. 
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To obtain the difference in elevations, three computations an* 
required: Interpolation of base-instrument readings to the tim<* 
.of roving readings; subtraction of interpolated base and roving 
observations; and correction of difference in elevation for 
temperature variation. 

Altimeter manufacturers provide simple table or nomographs 
for temperature correction. The table or nomograph is entered 
with the observed difference of elevation and the air tempera¬ 
ture, and the total correction is quickly picked off. At 50° F, 
there is no correction. Above 50 degrees, the correction is 
added to the observed difference of elevation, and below 50 de¬ 
grees the correction is subtracted. 

When a table or nomograph is not available, the following 
“rule of thumb” will be found helpful and fairly accurate: The 
correction for each degree of temperature above or below 50° F is 
0.2 ft. for each 100 ft. of observed elevation. For example, 
if the observed difference of elevation is 343 ft. and air tem¬ 
perature is 57° F, the correction would be 7 X 3.43 X 0.2 
= 4.8 ft. and the corrected difference of elevation would be 
343 + 4.8 = 348 ft. (approximately). 

It should be noted that this temperature correction is neces¬ 
sary for the air temperature, not for the instruments themselves, 
which are fully temperature-compensated. 

The Two-Base Method. The two-base method, requiring a 
minimum of three altimeters, is the most accurate procedure. 
This method utilizes two points of known elevation called the 
“upper” and “lower” base and assumes that weather conditions 
are uniform between the two bases. 

Before field work is started, the three altimeters are compared 
simultaneously at one base. Altimeters left at the upper and 
lower bases are then read every five minutes and the roving 
instrument is taken to each point where the elevation is desired 
and read. Temperature is also recorded. 

Since the difference in altimeter readings between the lower 
and upper bases will not represent the true difference in elevation 
between these points—because of temperature and humidity— 
the elevation of field points is determined from a simple pro¬ 
portion. This formula is 
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El.F.P. - El.L.B. R.F.P. - R.L.B. . 

El.U.B.- El.L.B. R.V.B. - R.L.B. W 

where EL = elevation 

R = reading 
F.P. = field point 
L.B. = lower base 
U.B. = upper base 

The proportion is derived from similar triangles (Fig. 41(>). 
Elevations of the upper and lower bases are plotted to seale cm 
a vertical line (U and L) and a horizontal line is drawn through 
L. An are with radius equal to the difference in altimeter 
readings between the upper and lower bases is swung from U to 
intersect the horizontal line through L at IJ. If the difference 
between altimeter readings at the lower base and field point is 
then plotted to scale along L'U starting at JJ, point F f is found. 
A horizontal line drawn through F' to intersect UL determines 
point F. Line FL will then be the desired difference in elevation 
between the lower base and field point. A similar construction 
determines difference in elevation between the upper base and 
field point. As a result of the graphical solution, the analytical 
equation given in equation (1) may be rewritten: 

FL F'L' 

UL UI/ 



Fig. 416. In the Two-Base Method, the Elevation of the Field 
Point Is Found from a Proportion Based on Similar Triangles. 

Spot Elevations. This method might be compared to plane 
table or transit stadia methods where spot elevations are deter¬ 
mined at high and low points with interpolation between these 
points for the contour elevations. The difference when using a 
stereoscopic instrument is that the spot elevations are deter- 
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Fig. 416a. Aerial Photographic Enlargement with Contours. 
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mined m the office by reading the stereoscopic parallax for the 
high and low points. With the difference in stereoscopic parallax 
for two points in the photograph it is possible to enter equation 
(415a) and determine the difference of elevation of the two 
points. 

Direct ( ontours. Many stereoscopic plotting instruments are 
available but they all operate on the fundamental principle of 
stereoscopic parallax which was illustrated by the dots and the 
st ereocomparagraph. 

Fundamentally, there is but one spacing of the floating marks 
for a particular elevation. It is possible to compute 4 the change 
of stereoscopic parallax for a particular change in elevation. 

STEREOSCOPIC PLOTTING INSTRUMENTS 

The Aerocartograph, Fig. 416b, is a universal topographic 
mapping machine. It provides a means for drawing a complete 
topographic map from a stereoscopic pair of photographs. 
Furthermore, due to a special optical switch, it permits, by 
aerial triangulation, the extension of ground control throughout 
a flight of stereoscopic photographs. 

When contours are plotted with this instrument, the floating 
mark is brought in contact with some point of known elevation 
on the photograph and the footplate is locked. Then by operat¬ 
ing the two hand wheels, the floating mark is kept in contact 
with the ground. If one or both hand wheels are turned too 
much, the floating mark will appear to float in space or under 
the ground. By keeping the floating mark in contact with the 
ground, the contour of the known elevation is traced on the map. 

The Stereoplanigraph , Fig. 410c, is a larger instrument than 
the aerocartograph and differs somewhat in operation. In the 
aerocartograph, the photographs are viewed directly through 
two eyepieces and a series of prisms, whereas in the stereo- 
planigraph, projections are viewed. Both use the principle of 
the floating point and the operation is somewhat similar. The 
•r and y motions are manipulated by hand wheels and the 
z motion by a footplate. Both machines are rather complicated 
and require several months of training for efficient operation. 
They are probably the most precise of all the plotting instru¬ 
ments. 



544 


PHOTOGRAMMETRY 


[Ch. XXIV 



Fig. 416b The Aerocartograph. 
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Fig. 4Hkl. Thl Muliiplex Alroprojlcior. 
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The Multiplex A era projector, Fig. 4 Hid, is a stereoscopic 
plotting instrument for producing maps by means of the simul¬ 
taneous spatial projection of several aerial pictures ol a series. 
The multiplex is a double-projection apparatus developed from 
the original ideas of Scheimpflug and Gasser. A relief model 
of the ground is generated by reversal of the photographic 
process and by projection with rays of two complementary 
colors. Corresponding rays are caused to intersect in space by 
suitable adjustment of the projectors. This spatial model is 
stereoscopically viewed through filters of complementary colors 
in the form of spectacles, and is gone over and measured with 
the aid of a spatially adjustable measuring mark. A pencil 
connected to the measuring mark carrier permits the direct 
generation of a map by the continuous tracing of topography 
and contour lines. 

This instrument is much simpler to operate than the aero- 
cart ograph and the stereoplanigraph and is being widely used 
in the United States. 

THE BROCK PROCESS 

The Brock Process is a unique method of photogrammet ric 
map compilation in that the two major functions of rectification 
and contouring are performed separately. The equipment was 
designed and built by Brock and Weymouth Co. in the early 
1920 , s, and in 1923 they compiled the first topographic map 
produced in this country by American plotting equipment. 

Photography . The Brock Process uses glass aerial negatives 
and glass diapositives for rectification and contouring to assure 
maximum flatness and stability in the emulsion base. Inter¬ 
changeable cones, each w r ith an integrally mounted lens, are 
used in the cameras, w’ith a range of focal lengths from four to 
12 inches. The aerial camera holds a magazine containing 
48 sensitized glass plates 63^" by 83^". 

Image area of the negative is 6" x 8" w r ith the longer side 
parallel to line of flight. A forward lap of 56 per cent and 
side lap of 16 per cent provides a net gain of 17.5 square inches 
per model. Photographs are taken at an altitude up to 1500 
times the contour interval to provide the usual accuracy of 
one-half contour interval. 
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Field Control . Elevations of points which can be identified on 
the photographs are obtained in the field by spirit or trigono¬ 
metric leveling. The vertical control points are distributed 
through the photographs to provide an elevation near each 
center and an elevation on each side of the center near the edge 



Courtesy Aero Service Company 

Fig. 416e. Brock Precision Aerial Camera. 

of the plate. Each model* thus has six vertical control points 
as minimum control, with additional points in the center of the 
model as check points. 

Horizontal positions are obtained to provide basic control for 
radial line template assembly, the distribution and density 
being governed by the required horizontal accuracy of the map. 

Preliminary Steps . The aerial negatives are enlarged two 
diameters on a precision projector and these glass positives are 

* A model is considered to be made up oi a pair of overlapped photographs. 
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set up in stereo-pairs in the Brock Stereometer. The horizontal 
and vertical control points, and the principal points are identified 
and marked stereoscopieally on the emulsion of the plates. 


' ■$, 



Courteny Aero Service Corporation 

Fia. 416f. Brock Enlarging Projector. 

Radial line templates are made from the marked plates, and 
from the assembly of these templates is obtained the horizontal 
positions of the photo centers and the vertical control points. 
Measurement of the radial distances of these points on the plot 
and on the plates provide data for computing the height of the 
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camera lens for each exposure. Parallax differences for tin 
vertical control of each model are then computed. 

Rectification. The glass positives of the stereo-pair are in¬ 
serted in two Correcting-Projectors which are horizontal 
rectifying projection cameras with a fixed ratio of 1 : 1 along 
the lens axis. In the negative plane is a plate holder to carry 
the glass positive and in the receiving plane is a comparator grid 
plate capable of X and Y motions which are measured b\ 
micrometer gauges. The positive and the grid can be rotated 
360° within their own plane and each plane can be swung up to 
6° about its own vertical axis. This tilt is controlled through a 
mechanical linkage to provide for equal and opposite tilt angles 
of the two planes simultaneously. 

The coordinates of the projected images of the control points 
on each plate are measured by use of the grids which are cen¬ 
tered on the principal points and aligned on the conjugate 
principal points. These measurements give the actual parallaxes 
of all points and differ from the computed parallaxes because 
of the tilt in each plate. A determination of the tilt is made 
by analyzing these differences, and the computed tilt for each 
plate is set up in the projectors. Grids and plate-holders are 
rotated to bring the computed axis of tilt into alignment with 
the mechanical axis of each plane and the two planes are swung 
for the amount of tilt computed. As the front and back planes 
are tilted a mechanical linkage provides for displacement of 
plate and grid along the X axis by an amount which is a function 
of the angle of tilt, thus bringing the isocenter on to the optical 
axis of the projector and the center of the grids on to the nadir 
points. The grids are then aligned to have the X axis pass 
through the conjugate nadir points. 

Verification of the computed tilt is made by reading the co¬ 
ordinates of the control points with such tilt settings. When the 
correct tilt has been obtained through several such trials the 
grids are replaced by plate holders carrying sensitized glass 
plates which are exposed in the receiving planes of each pro¬ 
jector. These rectified negatives are in turn projected to obtain 
rectified positive pairs at an equal scale. 

Contouring. The rectified positives are set up on the Brock 
Stereometer and are ready for contouring. This measuring 
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<* 416 ) 



Fig. 416g. Brock Rlctihivg Camerk 
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stereoscope has a fixed optical system which provides a mag¬ 
nification of four to six diameters depending on eyepieces used. 
The plate holders rotate to provide for alignment through the 
nadir points and the pair of plates can be moved in the X and 
Y direction under the optics. The separation between plates is 
adjustable and is measured by a micrometer gauge. This separa¬ 
tion controls the datum of the cross-hairs in the eyepieces, 
which fuse to form a floating mark. Settings are computed for 
all contours and the operator traces the path of the cross-hair 
as it touches the ground in the model. The contours are drawn 
by hand on a vinylite sheet which is attached to the right-hand 
plate. 

Scale Equalization. The contours drawn on the stereoscope 
retain the perspective properties of the aerial photograph, with 
each contour at a different scale. The contoured template is 
set up in a projector and each contour is traced off at a different 
enlargement factor, thus obtaining an orthographic projection 
of the template. 

The Brock Process has been in continuous operation by Aero 
Service Corporation since 1938 and has compiled topographic 
maps with contour intervals of 2, 5, 10, and 20 feet. Maximum 
efficiency with high standards of accuracy is found on the large 
scale, small interval map used for special purposes such as 
highway and railroad location, city planning, mining operations, 
and reservoir studies. 

The Ryker Stereoscopic Plotter. This instrument is used for 
plotting contours and map detail from stereoscopic pairs of 
vertical photographs. The instrument uses the floating dot 
principle and the application of these dots differs from such 
instruments as the stereocomparagraph in that the dots are not 
in contact with the photographs. In the stereocomparagraph 
the dot is made to rise and fall by varying the spacing of the 
two so-called half-dots. In the Ryker Stereoscopic Plotter, the 
dot is made to rise and fall by moving the two-half-dots verti¬ 
cally, while keeping the parallactic or X separation of the dots 
constant. For objects of low elevation the dots are lowered to 
almost touch the photograph while for points of greatest eleva¬ 
tion the dots are raised to a higher position. 

Since the dots and the photographs are not viewed in the 
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Fig 416h Brock Stereometer 




Fig 416i Stfrfomfter Platf-Holder 
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mime plane, there might be some doubt as to the ability of the 
observer to focus the dots and the photograph at the same time. 
No difficulty is experienced as the natural depth-of-focus of the 
eye keeps dots and photographs in sharp focus. Most operators 
can accommodate a difference up to about 2 inches between 
dots and photographs, which on this instrument, represents a 
difference of elevation of 3300 feet in a 1/20,000 scale photo¬ 
graph. Only under extreme conditions is this much separation 
required. When larger differences of elevation are encountered, 
the model may be divided into two elevation zones, and theieby 
enabling the operator to adjust the X separation of the half-dots 
so that they remain as close as possible to the surface of the 
photograph. 

The plotting mechanism which transmits motion oi the (lots 
to the pantograph comprises two frames slidable upon one 
another. The so-called upper frame slides in an A' direction and 
the lower frame slides in a Y direction. The A’ and Y directions 
mentioned, are the normal designations as used to indicate A" 
and Y axes in any rectangular plot. The Z direction is perpen¬ 
dicular to the table and corresponds to the normal Z axis as 
used in analytics and other spatial representations. A record 
of the vertical movement of the dots is made on the vertical 
scale as shown in Fig. 416j. 



•Jk V. V. 

Courtesy Harrison C. Ryker, Inc 


Fig. 416j. Model Pl-3 Wernstedt-Mahan Plotter. 

417. Some Applications of Photogrammetry. The photo- 
grammetrist should plan carefully before a project is started. 
He should consider such items as the degree of accuracy, the 
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map scale, and the contour interval that are appropriate to th<» 
region. 

The most important of these is the contour interval, because 
upon it depends the altitude of flight, the scale, and the accuracy 
that can be attained. Experience indicates that an altitude of 
590 times the contour interval is about correct for photographs 
to be used in the multiplex projector. This will locate elevations 
so that 90 per cent of the contours will be correct to within one- 
half the contour interval, a requirement usually specified in 
standard specifications. 

The preliminary planning should take into account such 
matters as the type of camera to be used, the determination of 
its optical characteristics and constants, and all details relating 
to the actual completion of the aerial photograph. The camera 
should be tested in a laboratory by competent technicians, 
preferably the Bureau of Standards. 

The problem of obtaining undistorted photographs depends 
upon the photographic base material as well as the camera. 
The film base should possess low shrink characteristics, and any 
shrinkage should be uniform throughout. Modern film gives 
best results when used soon after exposure. The emulsion sup¬ 
port tends to distort with age as its solvent evaporates, and as 
a result a permanent distortion takes place from long storage 
of the film. The following list prepared for the Massachusetts 
Department of Public Works, gives a good example of the items 
which must be considered when best results are desired. 

(1) The most suitable scale* 

(a) Taking scale 

(b) Degree of enlargement 

(2) The most suitable focal length 

(3) The most suitable season 

(4) The most desirable film and filter combination 

(a) Black and white 

(b) Color 

(5) Specifications for contact prints 

(6) Methods of numbering and indexing negatives 

* From Aerial Photographs lor Highway Location by E. W. Wood, Jr. 
and E. C. Houdlette. 
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(7) Most suitable types of mosaics for various situations 

(8) Methods of presenting topographical data 

(9) Possible applications of oblique photography 

As a result of the excellent studies made, the following con¬ 
clusions were made and printed in the report entitled “Aerial 
Photographs for Highway Location.” 


CONCLUSIONS 

Experience with different types of pictures and mosaics 
indicated the following conclusions: 

1. The most suitable taking scale for urban work is 100 feet 
per inch. For rural work a taking scale of 000 feet per inch 
is sufficiently large'. 

2. Under normal conditions negatives should not be enlarged 
more than three diameters; however, enlargements of four 
or six diameters of critical areas are entirely usable if the* 
specificat ions have been drawn with this possibility in 
mind. 

3. The aerial cameras should have a focal length of 12 inches 
or more. 

4. The most suitable season for the aerial photognphy is 
when the leaves are off the trees and there is no snow on 
the ground. Every effort should be made to plan the 
projects sufficiently in advance to permit photography 
under these conditions. 

5. Panchromatic film should be used for the black-and-white 
photography, and in rural areas the choice of filter should 
be left to the contractor so that he may use the one that 
will best meet the haze conditions existing on each flight. 
In urban areas where high buildings will cast long shadows, 
the contractor should be limited to the use of yellow 
filters and these should be permitted only when the 
resulting photographs contain sufficient shadow detail to 
satisfy the inspector. Infrared film should not be used. 

6. Color photography should be confined to pictures needed 
for use in public hearings where the added sense of reality 
inherent in color would justify the added expense. 
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7. Contact prints should be on double weight paper f.,r 
durability and dimensional stability, and the surfan* 
>hould be semi-matte (smooth lustre) to permit eas^y 
marking and reduce objectionable reflections. 

S. Each negative should be marked clearly with the Order 
Number of the Project followed by the serial number of 
the particular negative within the project (thus 21721-17 
indicates the seventeenth exposure on Order Number 
21721). In addition, the date of photography should 
appear on each negative, while the first and last nega¬ 
tive's of each strip should also show the time of exposure, 
the scale, and the focal length of the camera used. 

For the index map, the appropriate Geological Survey sheet 
should be used as a base, and the centers of each photograph 
plotted, numbered, and connected by a straight line to indicate 
the* general path of the airplane. In addition the area covered 
by the first and last picture on each strip should be outlined 
on the map. Photographic reproductions should then be made 
at a size that is convenient for filing. 

9. Topographic information in regards to the right of way 
may be presented by reproducing the Geological Survey 
map beside the mosaic, or the contours may be repro¬ 
duced on a transparent overlay kept in register with the 
mosaic. Neither method is entirely satisfactory. 

10. Oblique photographs serve a useful purpose in planning 
interchanges and illustrating proposed takings at public 
hearings. Such obliques should be taken with a camera 
having a focal length of 12 inches or more. The flight 
altitude for 12-inch lenses should be 1,000 feet in rural 
areas and 500 feet where property values arc high, and 
may be increased proportionally with longer lenses. 

VERTICALS VERSUS OBLIQUES 

Often times a good oblique photograph will give sufficient 
information for reconnaissance surveys and preliminary studies. 
It may take as many as 100 or more vertical photographs to 
cover the same ground area that is covered in one oblique 
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photograph. It is true that the oblique photograph will have 
different scales for the near areas than for the more remote 
parts of the area but this may not be a serious objection for the 
.studies to be made. It may be said that oblique photographs 
are not good for topographic mapping and in general it may 
also be said that the oblique photograph is not good for relatively 
large scale plummetric mapping. The oblique photograph, 
however, does furnish a convenient, economical basis for small 
scale reconnaissance and preliminary mapping which is both 
rapid and accurate where only planimetry is to be shown and 
great detail is not involved. This is evident in the Canadian 
problem discussed in this chapter. 

The vertical photograph is used where a finished mosaic c.r 
topographic map is required with a relatively large scale. It is 
apparent from the discussions in this chapter that verticals 
furnish the best medium for stereoscopic plotting by the use of 
the principles of stereoscopic parallax. Likewise, a good vertical 
photograph, taken at a reasonably high altitude, may be traced 
or projected without much cause for error in plotting plani- 
metric detail. 


ERRORS, DISPLACEMENT, AND SCALE 


The scale fraction 


// 

/ 


will change with the flying height and the 


focal length of the camera used. For the same focal length, a 
larger scale will result from a low flying altitude than from a 
high altitude. Low flying may be difficult because of rough air 
conditions. In this case, a camera with a longer focal length 
may be used. 

Displacement. Objects are displaced on vertical pilotographs 
and the displacement is greater on photographs taken at low 
altitudes than on those taken at higher altitudes. This may or 
may not be an advantage. If low-altitude flying was used then 
a given parallactic displacement will correspond to a smaller 
difference of elevation than will the same parallactic displace¬ 
ment at a high altitude. At an altitude of 10,000 feet, a differ¬ 
ence in parallax of .01 mm. corresponds to a difference of 
elevation of 20 feet on the ground. If the altitude had been 
20,000 feet the same difference of parallax would correspond to 
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a difference in elevation of 40 feet on the ground. The sterco- 
comparagraph, as an example, reads directly to hundredths ol 
millimeters. Therefore, if all other things were equal it would 
be better to fly at low altitudes when closer differences of eleva¬ 
tion on the ground are required. 

Certain limitations of the photograph and plotting equipment 
may not justify a reduction of the flying height and it is impor¬ 
tant that the photogrammet rist know these limitations before a 
change in altitude is specified. 

Scale. Large scale photographs are convenient to use when a 
detailed map is to be produced at a large scale (say 1 " = 200 ' 
or 1 " = 400'). It must be remembered, however that each 
photograph taken at a low altitude will cover less area pel 
photograph than one taken at a high altitude The following 
sample computation will illustrate the comparative coverage 
when using a camera with a focal length of 8 * 4 " at two different 
altitudes. 

Let the size of the photograph be 9" X 9". 


Coverage at 5,000' Altitude 

Scale of Photograph 


5000 
8.25 

= 606 ft inch (approx.) 


A , (9 X 606) X (9 X 606) 

Area covered = lo — 

*io,OOvJ 

= 682.9 acres (approx.) 
Coverage at 10,000' Attitude 

Scale = 25 ^ = 1212 ft/inch (approx.) 

A ! (9 X 1212) X (9 X 1212) 

Area covered =-- 

= 2731.5 acres (approx.) 


This demonstrates that if the altitude is doubled, the area 
covered by one photograph at the higher altitude will be four 
times the area covered at the lower altitude. The desired scale 
of the finished maps is therefore, an important economic con- 
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sideration and the adapted scale will determine the flying height 
and focal length of the camera to be used with the proper 
resulting scale for the photograph. 

The scale of the photographs may be changed by enlarging 
the originals and 2% to 3 times enlargements may be accom¬ 
plished without loss of detail. 

Errors. In all of the preceding general discussion, it was 
assumed that the camera axis was vertical at the instant the 
photograph was taken. Tilt of the camera axis with resulting 
tilt of the focal plane may introduce errors in a photograph. 
Errors due to this cause are troublesome as the amount of tilt 
may vary in succeeding photographs in a flight strip. Modern 
specifications are rather rigid and may require that there shall 
be no more than one degree of tilt. This small amount of tilt is 
not serious for most mapping projects. The tilt may be re¬ 
moved from a photograph by ^projection in a rectifying camera 
and some plotting instruments may be equipped with the neces¬ 
sary adjustments to remove the effect of tilt during the process 
of plotting. Instruments of this type are usually of the projec¬ 
tion type, such as the Multiplex. 

Change of scale caused by considerable ground relief may be 
great enough to cause error in plotting directly from a photo¬ 
graph either by tracing or projection. Some methods and some 
instruments make a correction for this change of scale and the 
Brock Process used by Aero Service Corporation is a typical 
example of this method. 

There are also several minor errors which may be caused by 
(1) lens distortion; (2) incorrect assembly and calibration of the 
camera; (3) the negative may not have been held flat at the 
time of exposure; (4) slight errors may be introduced when 
photographs are taken through glass pressure plates. This is 
more pronounced at the edges of a photograph since the 
oblique rays are refracted as they pass through the glass. The 
errors due to this cause are usually small and may be neglected 
for normal mapping work. Changes in the dimensional char¬ 
acteristics of the negative and the paper upon which the photo¬ 
graph is printed may also cause errors. The handling and 
processing of negative and prints may cause serious difficulties 
when accurate dimensional characteristics are required. 
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PRACTICAL APPLICATIONS 

Ever since World War I, aerial mapping has grown in utility 
for government and industry. Today the mapping plane can 
explore* big areas broadly, and in detail, anywhere. It flies 
easily over the muskeg country of the far north to speed the 
search for new mineral resources; it photographs the bush 
country of Africa for oil geologists. Here at home accurate 
aerial topographic maps help highway and city planning— 
aid industry with plant maps and development information— 
and deliver needed facts for flood control and forestry surveys. 

Once a crude tool, the aerial camera now is a precise* mapping 
instrument. Topographic maps with contour intervals as small 
as one* foot can be made to rigid engineering accuracy through 
modern photogrammetric metluxls, and the contour interval 
may vary from 1 to 2, to 5, to 20, or more, feet. 

In addition, aerial mapping affords very worthwhile economies 
in both time and costs. In New York State, for e*xample, 
topographic facts were needed for a main highway link 31 miles 
long. The transit and line method estimate was #74,400 and 
two years' time. The mapping plane flew the route in a day 
and a half, producing an accurate topographic map in 90 days’ 
time. Cost was $17,600. 

Another highway design and location requirement—140 miles 
for the Pennsylvania Turnpike location -was completed by 
photogrammetric metluxls within five months’ time, at a cost 
of #S2,900. According to the Turnpike design engineers, the 
aerial method was “five times faster—one fifth the cost’’ of 
ground surveys. 

In the field of city mapping, like economies are effected 
through photogrammetric methods. According to C». Brooks 
Earnest, Director of the Cleveland Regional Geodetic Survey 
and Professor of Engineering Surveying, Case Institute of 
Technology, the aerial mapping of Cleveland is being accom¬ 
plished at less than half the cost and one-fiftieth the time of 
previous plane table metluxls. Cost per square mile in Cleve¬ 
land by the aerial method is $3200 per square mile as compared 
with $7500 per square mile for ground methods; the time 
schedule for this 450-square mile area is three years, compared 
with approximately 150 years for plane tabling. 
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Like everything else, the cost of aerial mapping has risen and 
is higher in 1949 than before. However, the very favorable 
relationship between the cost of aerial mapping and ground 
methods still remains, for then* have been like increases in 
ground costs. Aerial mapping costs vary according to the size 
of the area and its location in relation to airport facilities, as 
well as according to the contour interval and other requirements. 

In new industrial developments also aerial mapping brings 
major savings in time and costs. One large mining enterprise 
in Canada recently was completed years ahead of schedule, 
thanks to aerial mapping’s aid in photo-reconnaissance of their 
area for geologic study, plus precise aerial mosaics to assist 
in the preliminary planning of roads, harbor facilities, power 
and plant sites, and other development work. 

Application No. 1 

Flight Map. Flight maps are usually prepared in advance of 
the aerial survey. They should furnish the basis for cost studies 
and general planning. The most satisfactory method of plan¬ 
ning the photographic flight is to specify definitely where each 
flight shall be made by indicating its position on the flight map 
to be used by the pilot. A flight map should give enough 
information so that the pilot will have little trouble in running 
his flight strips to the boundaries of the area to be photo¬ 
graphed. The highways and streams should bo indicated with 
important structures, mountains, woods, transmission lines, 
railroads, and all detail which stands out clearly from the air. 

A geological map or a photographic mosaic may serve as a 
base' upon which a flight map may be constructed. If a geo¬ 
logical map is used it should be enlarged to about 1/2 mile per 
inch and only the important details transferred to the new map. 
Too much detail may be confusing to the pilot as he must make 
quick decisions while in the air. 

A simple flight map is represented in Fig. 417 where the 
area A BCD has been designated on a topographic map or a 
photographic mosaic. 

The flight starts at the upper left-hand corner and proceeds 
toward the right along flight line No. 1. Only the first two 
exposures #1 and #2 are shown and the time of exposure was 
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figured so that an end lap of 60 per cent was obtained. This 
means that each new exposure will cover 40 per cent new area 
in the direction of flight. (See § 394.) 

Flight No. 1 continues, and photographs taken until the end 
of the area is reached. The airplane then turns and swings 
into flight No. 2. A series of photographs are again taken so 
that the same 60 per cent end lap is obtained and so that a side 



lap of 30 per cent between flight No. 1 and flight No. 2 is 
obtained. At the end of flight No. 2, the airplane turns and 
flight No. 3 is made in a similar manner. This process con¬ 
tinues until the entire area is covered. 

Care must be taken to cover enough area with overlapped 
photographs so that stereoscopic pairs are available for the 
area m question. 

The flight map furnishes a work sheet for cost studies, flight 
lines and flying information for the pilot and photographer 
when they take to the air. 

Application No. 2 

Oblique Aerial Surveying . Extensive use of oblique aerial 
photographs has been made by the Canadian Government in 
mapping the great “Lake of Woods Country” and other 
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inaccessible regions. A greater part of the wooded sections of 
Canada were never charted, and those which have been mapped 
in the past were very crudely done. Only the water courses 
were sketched with a few of the trails shown. 



Courtesy Fairchild Camera and Instrument Corporation 

Fig. 417a. Oblique Aerial Photography. 


With the advent of the airplane and air-camera the mapping 
presents a comparatively easy task. Thousands of square miles 
of this region have been covered in the past few years. 

The oblique photograph presents a rapid method for this type 
of mapping. The scale of the finished map as furnished by the 
Canadian Government is four miles to the inch, with no con¬ 
tours. The general character of the country is particularly 
suited to oblique work because there is no great difference of 
elevation to cause excessive displacement, and the horizon line 
is visible in all photographs, an essential element in oblique work. 
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The advantage of this method over the vertical is that ea< li 
photograph covers a much larger area, with consequent low< i 
‘flying cost. 

This method does not do away with ground surveying en¬ 
tirely because some ground control is necessary for determining 
the correct altitude of flight and in orienting the photographs. 
The known ground distance between two points is required on 
each photograph. 

The information required for oblique work may be classed as 
follows: 

1. The horizon line must appear on the photograph and 
about 7/8 inch from the top margin. 

2. Dip of the camera axis at instant of exposure. 

3. The altitude of the plane at the instant of exposure. 

4. The focal length of the camera lens. 

In general, the method is somewhat the same as that of 
Fig. 387a under terrestrial photographic surveying, more com¬ 
plicated however because of the uncertain altitude at the time 



Via. 417b. 


of exposure. Flights are usually made at 5000 feet elevation 
or as near as this as possible. 

A transparent grid is constructed on glass or celluloid and 
superimposed on the photograph. The lakes, rivers, islands, 
etc., are then transferred to drawing paper on which a rectangu- 
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lar grid has been plotted. The map is made by transferring 
point by point to the respective squares and then connecting 
these' points. In practice these squares an' ten chains to a side, 
and correspond to squares ruled on sheets of tracing paper on 
a scale, usually of one mile to one inch. The maps which are 
printed for sale to the public (similar to our geological maps) 
are on a scale of four miles to the inch. 

The following derivation will give an'equation for the angle I) 
of Fig. 417b. 

SO = R + h 

_ SH _ v/ Sfi i -OH 1 _ + h )* - IP 

tan ° on " on it 

VlP + 2 1th + A* - IP l2h li¬ 
lt V it + ip 

h' 1 

Since is small, it may be dropped without much effect on 
the angle D. 

The equation then becomes 
tan D = 



\ 10,444,314 

Also I) being a small angle, we may assume 
tan D = D tan 1 sec. 

^ tan D 


Therefore 


tan 1 sec. 


Substituting the value of tan D from above, we have 

D «*• - a*' 265 %/^3l4 - 63 ' 82v '* 

Multiply D by 0.9216 to correct for refraction and 
D sec. = 58.82 Vh 


D is called the dip of the apparent horizon from the airplane 
horizon at the altitude h. 

Let Fig. 417c be a photograph on which the apparent horizon 
is as shown and is 0.72 inch below the upper margin by actual 
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measurement. This line is not exactly a straight line, but in 
this method is considered to be straight and perpendicular to 
the principal line. 

The true horizon will be a line parallel to the apparent horizon 
and above it as shown. The reason for having these two 

horizon lines is that the 

jL --- airplane is elevated above 

0.72 - True___H the earth’s surface. The 

Apparent Horizon horizon then appears 

lower than it would if 

the observer in the plane 

were to project his line 

of sight in a horizontal 

__ plane. Remembering 

then that the apparent 
Fia. 417c. , . . 

horizon is as seen Irom 

the plane and the true horizon as seen along a horizontal line 

from the plane, we have the following computations: 

The equation for the dip is: 

1) = 58.82V h 

Using a flight altitude of 5000 feet, we have 
D = 58.82V5000 = 1°9' 19" 

Depression Angle. To determine the depression of the 
camera axis below the apparent horizon : 



Fig. 417d. 


1. Mark the point C (plate center) by drawing the horizon 
line and principal line from the marks on the margin of the 
photograph. 
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2. Measure the distance 3.475 inches on the photograph. 
Then 

3.475 in. - 0.720 in. = 2.755 


tan 6' = 
Angle 0 = 


_ C H 1 2,755 _ | 

focal length 8.709 

17° 33' 15" + 1°9' 19" = 18° 42'34" 


3. The distance from plate center to the tme horizon line 
= CH = / tan 6 = 8.709 tan 18° 42' 34" = 2.9494 in. 



Fig. 417o. 

Construction of Plotting Grid 

1. The distance from the airplane true horizon to the ground 
plane measured in the plane of the axis of the camera — h 
(see Fig. 417e). 
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2. HN (Figs. 417e, 417f) = 5000 sec 6 = 5000 X sec 18°42 '\'< 
(in feet). 


HN 


5000 X sec 18° 42' 34" 

66 


(in chains) 


Then reduced to a scale of ten chains = 1 inch, HN (Fig. 417c. 


becomes IK! (Fig. 419g) = 


5000 X sec 18° 42' 34" 
66 X 10 


7.9984 in. 


3. In Fig. 417e (HV, = IIS = IIV 2 ) because angle V,SII 
= 45° = SV,H. In Fig. 417e, from triangle SCH, 

SII = SC sec 0 

Then 

HVi = H\\ = J sec 0 = 8.709 sec 18° 42' 34" = 9.1949in. 



We now have the necessary information to construct a trial 
grid, trial grid l>eeause the altitude of 5000 feet may not have 
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| K »en correct. As stated before, it is difficult to maintain a 
uniform altitude, and it is the purpose of the trial grid to 
determine the exact altitude from which any particular photo¬ 
graph was taken. When the correct altitude is determined, a 
rinal grid must be made for plotting the map. 



Trial Grid. While the grid is eventually drawn on glass 
or transparent celluloid, the construction can be made on paper 
and then traced to the transparent material. 


St( ps in Making the Grid. 

1. Draw on the photograph the coordinate axes which 
give the point C. 

2. Measure (on the photograph) the distance from top 
marginal line to the center = 3.475 inches and the distance to 
the apparent horizon = 0.72 inch. 

3 On a large piece of drawing paper lay out a rectangle to 
represent the size of the photograph. 

4. With the above distance plot on the drawing paper the 
coordinate axes and the apparent horizon. 

5. With the computed distance CII = 2.9494, locate II on 
the principal line and draw a line parallel to the jc axis. This 
is the true horizon line. 

6. On the line CH produced downward measure the distance 
HG = 7.9984 inches. 
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7. Through G draw an indefinite line A-B perpendicular t<> 
the principal line and parallel to the x axis. 

8. On this line lay off equal distances of 1 inch and from 
these points draw lines converging to point H (since all linos 
perpendicular to the picture plane meet on the true horizon 
and along the principal line). The perspective of these lines 
has thus been drawn. 

9. On the true horizon line lay off distances HVi and H\\ 
= 9.1949. The points V\ and V 2 are the vanishing points for 
the diagonals of the squares on the grid (since they make 
45 degrees with the vertical). 

10. Draw lines from C to V\ and V 2 . Where these diagonals 
cross lines AH, (HI, BII , etc., draw parallel lines at right 
angles to JIG. The perspective of lines parallel with the picture 
plane have thus been drawn. 

11. If necessary, draw an auxiliary ground line one-third the 
distance HG from II and lay off spaces 1/3 inch instead of 1 inch 
as on the real ground line. 

12. The trial grid is now ready for tracing to the glass or 
celluloid surface. It is next superimposed on the photograph, 
making the apparent horizon line coincide with the apparent 
horizon on the photograph and the center of the grid coincide 
with the center of the photograph. 

Two control points are selected whose ground locations are 
known and therefore the distance between them known. The 
distance between these two points is determined by the grid 
and, if this does not agree with the ground distance, the wrong 
grid altitude has been used. 

The correct grid altitude is then found from the proportion: 

Correct gri d elev ation _ correct ground distance 
Grid elevation used measured grid distance 

In the problem under discussion the correct ground distance 
between two known points is 8332.5 feet, and this distance 
determined by the grid is 8830.8. Substituting in the propor¬ 
tion, we have 

X = 8332.5 ft. 

5000 8830.8 

X = 4717.5 ft. (true altitude) 
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The following computations then will give the required 
information for plotting the final grid: 

D = [58.82x^4718 = 1° 7' 20" 

0’= 17° 33' 15" 

D = 1° 7' 2 0" 

0 = 18° 40' 35" 


CH = / tan 0 = 8.709 tan 18° 40' 35" = 2.914 in. 

4718 sec 18° 40' 35" 7 rjr . 

Hit = - — = 7.o46 in. 

t>b() 

HV\ = HV 2 — f sec 0 = 8.709 see 18° 40' 35" 

= 9.193 in. 


With this information plot a final grid in the same manner 
as the trial grid. This grid is used in plotting the map. 

In practice, where a large number of photographs are to be 
used, grids made with various altitudes and marginal distances 
art' on file and the proper one selected for use on each photo¬ 
graph. 

The grids are usually drawn to a large scale to increase the 
accuracy of plotting and then reduced to the required size by 
photographic methods. 

As in Fig. 387a, the plotting is done by transferring from the 
perspective grid on the photograph to the drawing paper by 
plotting in the respective squares on a rectangular grid. The 
drawing paper has plotted on it a rectangular system of squares 
to correspond with the perspective grid. 

Application No. 3.* 

The project is a Super-Highway, Detroit to Willow Run, a 
distance of 25 miles. 

1st Step . Gather together all available information, which in 
this case was the following: 

State highway maps 

Regional highway maps 

County roads maps 


* Courtesy- Talbert Abrams. 
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Township road maps 

City maps 

Aerial photographs, scale 1 : 20,000, 5 years old 

Aerial photographs, scale 1 : 10,000, 10 years old 

Jml Step. A study was made in the office of all maps and 
aerial photos and it was decided that a reconnaissance flight 
was necessary. Therefore all project engineers, with notebooks, 
pictures, and maps, were flown over and around the area until 
they not only had a good idea of the layout, but had taken 
notes on the principal controlling factors. 

3rd Step. A conference was held and the several possible 
locations were sketched, thus narrowing the location down to 
a minimum for the aerial survey. 

4th Step. A set of air photos was made at a scale of 1" = 800' 
of the reduced area and studied stereoscopically, to note am 
unusual obstructions that would interfere with a road location 

5th Step. The tentative road location was plotted on the office 
pictures which were enlarged to a scale of approximately 
1" = 200' without ever having had a man on the ground in the 
field. 

6th Step . The land buyers were then given a set of pictures 
scale 1" = 400', without the road location but with just the 
outline of the pieces of property which they were to buy. 

7th Step. Center line of highway having now been tentati\ cl> 
decided and the future location narrowed down to the bare 
minimum necessary, it was decided to have still larger pictures 
made of the restricted areas. 

8th Step. Stereoscopic aerial photos, scale 1" = 200' with 
enlargements at the scale of 1" = 40', were made on which to 
plot all grade separations, crossovers, under-passes and drainage 
structures and with the land layout in visual form showing the 
location of all trees, shrubs, surface stones, buildings, existing 
drainage, and structures. Practically all questions could be 
answered in the office and a final alignment and road layout was 
designed onto the photos. As property lines were being sur¬ 
veyed and monumented in the field, the ground control was 
secured to make the enlargements as accurate as the ground 
control could be plotted. 
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9th Step. Many hand-drawn lino maps were made from the 
aerial photos as follows: 

Maps were traced directly from the enlargements. 

Maps were plotted with the skctchmasters. 

Maps were drawn off a varying scale with the Pantagraph. 

Maps showing contours were made with the Contour Finder. 

Road maps were made showing first, second, and third class 
roads, trails, paths and bridges, farm lanes, railroads, and 
conditions of roads and materials used. 

Maps showing legal property descriptions and buildings and 
fences were made by the legal department. 

Comparative tax values were plotted on the photos. 

Please keep in mind that this route map, made by the aerial 
survey, was in a suburban area adjacent to the fourth largest 
city in the United States. The area was relatively flat and had 
been mapped and re-mapped many times for almost every 
imaginable purpose, but still when a new project such as the 
Willow Run Super-Highway was conceived, the very latest 
information was necessary and could best be gotten by the 
aerial method. 

Application No. 4* 

The opposite of the above-described problem is a road to l>e 
built through poorly wooded, rugged north country. The 
project is in the planning stage, the route is to connect existing 
trunk lines along a better and shorter route, but money is not 
available for the shorter route if it costs too much. 

Timber cruisers have a good general idea of the country and 
recommend the old logging routes be improved. No good 
existing map is available. The area is 100 miles long by 
25 miles wide. 

1st Step. The area is photographed at a scale of 1 :40,000 
and the stereoscopic pictures studied to get a better idea of the 
count ry. A photo index gave us the first reasonably accurate 
map of the area showing rivers, lakes, trails, hills, swamps, and 
mountains. 


Courtesy: Talbert Abrams. 



576 


PHOTOGRAMMETRY 


[Ch. XX1\ 


2nd Step. Monumented ground control established around 
the perimeter of the area by the U.S.G.S. was recovered and 
plotted on a new base, scale 1 :20,000, and new astronomical 
positions were established for additional control at about one 
point for every 250 square miles or one fix as near the center 
as possible of every 15 minute quadrangle. 

3rd Step. A Lazy Daisy Mechanical Triangulator lay down 
was built up and a new map projected and with this control a 
mosaic was made at the scale of 1 : 20,000, thus giving us the 
first map of the area with a relatively high degree of accuracy. 

4th Step. The appearance of the mosaic and the shadow's gave 
a general appearance of relief; however, this could not be de¬ 
pended upon for locating a highway route so the Contour 
Finders were used without any vertical ground control. B\ 
using just the height of the airplane and measured distance 
between print centers and the Photogrammetric Computer, we 
gained a factor suitable for a preliminary check of the relief 
in the area. 

We laid out several prospective center lines for the new T 
route and then with the Contour Finder, checked the varying 
elevations along the routes and for a distance of about 2000 feet 
both sides of the route. With this information w'e were able 
to estimate the cost of cuts and fills, the number of culverts 
and bridges required, and also the scenic value of comparable 
routes. Finally, having established the relative cost, utility to 
the best parts of the area, and the scenic values, a choice of 
many routes wras narrowed down to several possibilities fairly 
close to each other. 

5th Step. Now r with a good air map at hand that could be 
used as a flight map for low-altitude picture, w r e went back and 
flew a single flight strip at a scale of 1 : 4800 along the center 
line of the area best adapted to the route. This flight strip w T as 
3600 feet w r ide and covered the best possibilities. The flight 
at low' altitude w r as made in the early spring before the leaves 
came out on the trees. 

6th Step. The air photos, scale 1 : 4800, were studied stereo- 
scopically, and with the Contour Finder to check spot elevations 
a final line was picked along the easiest grades avoiding swramps 
and difficult areas. 



§417] APPLICATIONS OF PHOTOGRAMMETRY 577 


Air photo enlargements, scale 1 :1200, were made for use 
as plane table sheet*. 

The proposed center line was marked on these sheets and the 
survey crew went into the field to accurately measure the 
horizontal and vertical distances and stake out the route. With 
a protractor in the drafting room, compass bearings were 
planned and plotted on the photographic plane table sheets, 
distances were scaled off to points of intersection where the 
route turned to a new tangent. 

In the heavily wooded areas, transits were set up to the 
predetermined angles and lines were cut through the woods 
for several miles at a time, the only check being the information 
available on the aerial photographs. The 110-mile line was 
staked in the field without any off-line surveying, points of 
beginning and ending were the same as originally planned. 

7th Step. With the vertical control established along the 
center line, the Contour Finder completed the necessary con¬ 
touring of both sides of the center line for a distance of 200 feet 
where necessary, and in some places a watershed line was 
extended around a basin, the drainage of which had to be 
accommodated by bridge or culvert. In areas like this, no 
other contouring was necessary. 


HIGHWAY STUDIES 

The engineers of the Public Roads Administration have 
analyzed and developed excellent material which should be of 
great value to all engineers interested in the use of Photo- 
grammetry. The material is too voluminous to attempt a 
complete description in this chapter but some of the material 
from their studies will be given. Engineers will find that the 
Public Roads Administration is very cooperative, if additional 
information is desired. 

“In explaining how photogrammetry is used in highway 
engineering, it may be well to consider the stages in develop¬ 
ment of a highway. These stages can be defined as: selection 
of terminal points, location and design, construction, mainte¬ 
nance and betterment, condition and inventory surveys and 
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the improvement and reconstruction. Then we can start the 
cycle all over again when highways become obsolcte. ,, * 

“Once the terminal points are designated, highway location 
and design follows, to be accomplished in four successive stage\ 
namely: 

1. Reconnaissance of area for selection of feasible alternate 
routes. 

2. Reconnaissance of alternate routes comparing one with 
another to select the best route for survey. 

3. Preliminary location survey and design to determine the 
place for the highway on the selected route. 

4. Location surveys and project (contract) plans; the actual 
staking of highway alignment, grade lines, cross sections 
and structures on the ground in readiness for construction.” 

EXPLANATION OF FIG. 417H (CHART) f 

At the bottom of the chart, as an abscissa, three stages of 
the highway location are indicated: reconnaissance of area, 
reconnaissance of alternate routes, and preliminary location 
surveys and designs. In the ordinate direction of this chart, 
designated as steps 00 to 90, steps are shown from the initial 
stage of aircraft pilot, cameraman, and aerial camera through 
photography, ground control surveys, and photogrammetry to 
the finished product of picture or map that will be used by the 
highway engineer. From lef11 o right, it represents a progressiv e 
increase' in the amount of detail and accuracy in information 
and factual data that will be obtained by photogrammetric 
methods for highway engineers’ use. 

Starting with columns 1 and 2 on the left are oblique photo¬ 
graphs and trimetrogon photographs. Obliques are used to 
illustrate a highway problem and proposed solution in per¬ 
spective. Trimetrogon photographs can be used for mapping 
to small scale providing a general pattern of the topography and 
an idea of where the mountains, the rivers and the central 

* Seleetod parts from a paper presented before the American Society o 
Photogrammetry by Willinm T Prvor and printed in “Photogrammetrn 
Engineering,” Volume XIV. No 1, Page 17 

t Acknowledgement is made tor the assistance given by W. T. Pryor n 
writing this part of the text. 
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habitations are in an undeveloped or heretofore unmapped 
country. 

Following that is another choice —the preparation and use of 
uncontrolled mosaics, and radial plot controlled planimetric 
maps. The planimetric maps may be made by projection 
methods using such instruments as sketchmasters, reflecting 
projectors, the radial line plotter or the multiscope. 

Then, when the highway engineer needs to know more about 
topography by seeing its character and shape and the uv of 
land in three dimensions, he should use paired photographs and 
stereoscopes. 

If the task is to illustrate in three dimensions the proposed 
solution of particular highway engineering problems to officials, 
the public and administrators, analglyphs and vectrographs 
may be used. These will require use of the color filter or 
Polaroid spectacles. 

When the engineering job requires small-scale large-contour- 
interval mapping, use stereoscopic plotters such as the stereo- 
comparagraph, the contour finder, the Wernstedt-Mahan 
stereoscopic plotter, the K:Ii.K. stereoscopic plotter and other 
instruments that might be available. The first two instru¬ 
ments named provide form-line maps, column 7; the latter two 
make a topographic map, column 8. When more* accuracy is 
required, use multiplex equipment, column 9. 

Lacking any of the equipment named thus far, the highway 
engineer may use uncontrolled mosaics, column 11, as map 
substitutes to obtain a pattern and idea of the shape of the 
topography and some rough dimensions of it for his use in the 
reconnaissance stages. Controlled mosaics, column IS, are 
preferred for the same purpose. Use of mosaics would be sup¬ 
ported by stereoscopic study of successively paired photographs, 
column 15. 

An alternative choice for small-scale large-contour-interval 
mapping required in reconnaissance stages is precise photo- 
grammetric equipment, provided it is available 1 and circum¬ 
stances make it economical to use such equipment. 

In areas of low relief and concentrated use of land, controlled 
mosaics and planimetric maps of large scale may be used for 
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AN OUTLINE OF PROCEDURES IN AERIAL SUR- 
MAPPING FOR HIGHWAY 
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ENGINEERING PURPOSES 


i p,i - 0T 1 

1 AIRCRAFT 
CAMERAMAN 1 
AND I 
AUHAL CAMERA! 
i AClISSOBHS I i 


AIRCRAFT 

CAMAMAN AEeML 

.awrrfgiess % CAMERA 
STEREOSCOPIC 
I CAMERA 


INDEX OF | 
PHOTOGRAPHS 
AND GRAPHIC , 
SCALE 


CONTROL POINT 
{IDENTIFICATION 
AND 


I PRINTER]] PRINTER PRINTER 


44J-oJ-Lj: 

1 I 


WAVOED RECTIFIED PAIRED **** r ”° SCALE 

l PHOTO PHOTO PHOTO ADJUSTED 

UtAPHS GRAPHS SOAPHS PHOTOGRAPH! 

P I ' ‘ j ■ j " l : ^ 6RAPH3 --j- 

j I 1 FCHECTm [ ■ rrrirrrrr STEREOMETh 

'r-*-h PPOJICT COLOR MULTIPLEX—I - 

Z "or* factors m 


R2FK? * p * tNTe « : 

y printer I ‘ 

|CONTINUOUS 

I STEREO POSITIVE 

jPHOWPAPHS % PHOTOGRAPH 

|L STRlr FIM\ 

1 POSITIVE*] 


CONTROL OF 
\*< PHOTOGRAPHS 


3 INSTRUMENTS 


{^PHOTOGRAPHS 


TERtO\\ mo BONNE PHOTOGRAM 

IAN! \\AUTO-\ \STERE0 § MtTR , C 


STEREOSCOPIC 

RELIEF 

MODEL 


STEREOSCOPIC COMPLETED 
RELIEF 8 PICTURE 
MODEL 


field check 
and I 
completion , 

SURVEYS 1 


TOPOGRAPHIC 

MAP 

ID,5 12 FT 
CONTOUR 
INTERVALS 


ALTERNATE ROUTES- 


-PRELIMINARY LOCATION SURVEYS- 
AND DESIGNS I 


Courfesu Public Poods Administration 


417h. 


PRODUCT PHOTOGRAMMETRY GROlND CONTROL SURVEYS 





582 


PHOT< KjRAMMETH Y 


[Hi. XX v 


route* studies. Their preparation would he accomplished - 
inelie*ate*el in columns lo and 14. 

For the pr(*liminary survey, large-scale small-ce>ntour-interv:il 
mapping may he accomplishcnl by use of any oik 1 of five 1 type- 
of pre*e*ise* photogrammetric equipment. Four of these arc 
shown in columns 17 to 20, namely: Multiplex, Brock Prot* sn. 
Slercoplanigraph and Wild Autograph. The fifth is the Kolsli 
Ster(‘oscopic Plotter. 

Primarily Figure 417h is a referen(*e guide 1 generally describing 
how a highway engineer would select his photogrammetric 
equipment according to the product of completed picture* eu 
map required. The 1 e*nt ire chart shows the progressive proerehuv 
and use* of equipment from the* ae*rial camera to the picture oi 
map. 

A shutterless aerial e*amera is liste*el in column 21. This 
camera may he used to take ve*rv large-se*ale continuous strip 
photographs e>f the* loe*ate*d highway. Such photographs viewe*el 
unele*r the* ste*re*ose*ope* provide* the* means of obtaining a ste*re*e>- 
scopic rc*lie*f inode‘1 to scale's of fre>m 200 te> 20 fe*e*t te> e>ne* ine-h 
showing everything em the* e*arth’s surfae*e along the* highway 
location he*fe)re* the highway is built. Similar photographs taken 
after the* highway has be*en e*e)ii^tnie*te*el will show the* ediange- 
caused by const rued ion. If ele*sire*el, the* highway e*ngine*e*r e*an 
have a thirel continuous-strip phute>graph take*n te> show e*ertain 
kinds e>f failure's afte*r the* highway has be*e*n used. Whe*re thre*e* 
se*parate record-photographs have* be*e*n taken at designateel 
intervals of time they will provide valuable* factual information 
showing all e*hange*s that eweurreel from the beginning. Stueh 
e)f the change's will reve*al whe*re it has be*e*n me>st suce*essful 
This sugge*ste*el prae*tie*e has gre*at preanise. 
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CHAPTER XXV 


MAP PROJECTIONS AND STATE COORDINATES 

418. General Statements. A map of an area, in tho usual 
moaning of the word, is a scale representation upon a flat 
surface of everything contained in the area. All north and 
south lines on it are parallel and at right angles to all east and 
west lines. Any point can be located by rectangular coordinates 
and the shapes and areas of all portions are correctly shown. 
Such conditions arc' true' only when the area mapped is so small 
that the effect of the curvature' of the earth's surface is loss 
than can be plotted to the chosen scale. 

Careful measurements have* established that the shape of the' 
earth is that of an oblate* spheroid. The Clarke spheroid, com¬ 
puted in 1866, is the standard for all work in the United States. 
It has an equatorial axis of 41,852,124 fe'C't and a polar axis 
of 41,710,242 fe'C't. This differc'nco in the lengths of the axe*s, 
approximately 26 mile's, can be visualized by assuming the* 
equatorial diameter to be* 25 fe'C't, which would make the* polar 
diameter about 24 fe'ot 11 inches. 

The' surface of a sphere cannot be' developed into a plane as 
can the surface' of a cone or cylinder. Therefore, it is impossible 
to map or rc'prese'iit on a flat surface any large portion of the 
earth’s surface without distortion of some kind. This can be 
illustrated by attempting to flatten half a hollow rubbe'r ball 
ujx)ii a plane. The edges will stretch or tear before the (‘enter 
will touch the plane and distortion of various amounts and in 
different directions will result. 

419. Projections. Since our map must be on a plane, many 
different schemes of representing the surface of a sphere upon 
a developable surface have been devised. These map projections 
consist of different arrangements of meridians and parallels 
of latitude which constitute the frame'work for the plotting. 
None of them is free from distortion but the distortion can be 
made to appear in different ways by varying the choice and 
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the position of the developable surface upon which the projec¬ 
tion is made. The subject of map projections is a broad one, 
some parts of which require complex mathematical treatment. 
Only a few general considerations can be given here with some 1 
emphasis on those projections most used by surveyors. 

In certain projections, areas near the equator are shown 
correctly but with great distortion near the poles. In others, 
east-west areas project well and north-south areas poorly, or 
vice versa. Some maintain relative shapes but with variable 
scales over the map while others will hold areas equal but greatly 
distort their shapes. 

The projection that should be employed depends entirely 
upon the purpose for which the map is to be iwd and how mir*h 
of the (»artIPs surface is to be shown. For example, the projec¬ 
tion that would show best the shapes and relative sizes of the 
United States would not necessarily be the best for a navigation 
chart of the Atlantic Ocean. 

420. Classification of Projections. Specific classification of 
the various projections cannot be made because of overlapping 
properties. However, for the sake of convenience certain class 
names art' in common use as follows: 

Equal Area. This type of projection maintains a constant 
ratio of areas, i.e., one square inch taken at any location on the 
map represents a certain constant portion of the earth’s surface. 
This docs not mean, however, that the shape of the area con¬ 
tained in the square inch is as it really exists on the earth 
because the scale in a north-south direction is different than that 
in an east-west direction. Such a projection is valuable for 
political and statistical work. 

Conformal. A conformal projection is one in which each 
small area shows in its proper shape. This means that at any 
point the scale along the parallel and the meridian is the same. 
Obviously, a large area cannot be shown in its correct shape 
since the distortion must be taken into account by changing the 
scale from point to point. Actually, the general shape of a 
large area can be obtained better by projections that are not 
conformal. The conformal type is of advantage for delineating 
a section of very irregular coast line. 
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Azimuthal or Zenithal. This typo shows the azimuth (i 
direction from the central point of the map to any other point 
•as it is on the earth’s surface. For example, if Chicago were tin* 
central point, the map would give true directions to all other 
cities to which airplanes would fly. However, the map would 
not give these results at any city other than the one at the central 
point. 

421. The Mercator Projection. One of the common forms of 
projection is that by which points on the earth’s surface are 
represented upon a cylinder touching along the terrestrial 
equator. Tin* cylinder is then rolled out into a plane by cutting 
it along any one of the equally spaced meridians. It is obvious 



that the equatorial belt will be well represented but that serious 
distortions will be shown in the polar regions. In order to reduce 
this (»ffect, the Mercator Projection, Fig. 421, increases the 
spacing of the parallels at the same rate the parallel representa¬ 
tion of the meridians increases the longitude. For example, at 
60° latitude the scale along the meridian is doubled because 
the representation of longitude is just twice the amount it 
is at the equator. Thus, Alaska shows more than four times 
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its actual size and although South America is nine times as 
large as Greenland it appears to be smaller. 

The Mercator is commonly used among the large number of 
projections because the* entire surface of the globe can be shown 
oil it. Also, it is the only projection upon which a line making 
a constant angle with all meridians, called a rhumb lim\ appears 
as a straight line. This makes it of value in the construction of 
nautical charts. 

422. The Lambert Conformal Conic Projection. This is one 
of the most important of the many projections constructed 
upon the general principle of representing points on the earth's 



surface upon a cone or series of cones tangent to parallels ot 
latitude or cutting through pairs of them. The developed cone, 
cut along any meridian and rolled out on a plane, will show the 
meridians as straight lines meeting at a point outside the map 
and the parallels as concentric circles. This form of projection 
represents accurately an east-west strip of the earth's surface for 
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a short distance on each side of the parallel touching the cone. 
Obviously, the distortion increases north or south of this line. 

The Lambert Conformal Conic projection widens the belt of 
latitude within which the scale distortions are not serious by 
taking the cone through two standard parallels, Fig. 422, 
instead of tangent to one parallel mid-way between them. This 
arrangement makes the scale between the standard parallels 
somewhat too small and beyond them somewhat too large. 



Figure 422a shows the distortion of scale of a map covering the 
United States. 

If the distance between the standard parallels is decreased, 
the effective belt is narrowed and the distortion of scale becomes 
less. This becomes of great importance in the establishment of 
rectangular coordinates over a state having a predominant 
east-west dimension. 

423, Other Projections. Among the many other forms of 
projection the following might be mentioned as most important 
or most used: Gnomonic, Albers Equal Area, Polyconic (used 
as the basis for the U. S. Military Grid System and extensively 
by the United States Coast and Geodetic Survey), Bonne, 
and Stereographic. Each of these possesses some feature tending 
toward a more nearly perfect representation of shape, area or 
direction. They present very interesting problems both from 
the standpoint of mapping and from that of the mathematics 
involved in their construction. 
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424. State Plane Coordinates. The United States Coast and 
Geodetie Survey has established more' than 40,000 miles of well- 
distributed control surveys. This control net, Fig. 16), is being 
extended steadily and soon it will be available for use for any 
engineering work involving measurements on the surface of the 
earth. However, this control system has been computed geo- 
dctieally; that is, the results are given as latitude, longitude, 
geodetic azimuth,* and distance. The average engineer is not 
able to handle 4 geodetic computations and even if qualified lie 
would find it easier to set up local plane coordinates for a partic¬ 
ular survey. Such practice results in a complete lack of coordina¬ 
tion between survey areas that might border on each other. 

The need for some* simple and practical scheme* that would 
make* pe>ssible the* use* of the* geodetic coordinate's without geo- 
detic computation has arisen in rerent years. The*re*fore, the 
United States Coast and Geodesic Survey, as explained in 
§458, has computed plane* coordinates with a state* or a large 
part e)f a state* as the area unit. This is a map projection problem 
fe>r an are*a the size* and shape* of which are* fixed. In addition, 
the plane coordinates must be* calculated more ae*curate*ly than 
would be neerssary me*re*ly fe>r the* plotting of the* map since 
they are* te> be* use*d as a basis fe>r computation of various kinds 
e>f surveying operations. 

Siner e*ve*n a large part e>f the are*a e)f a state* cannot be* pro- 
jerte*d upon a plane without distortion, it is evident that varia- 
tiems in scale cannot be* avoided. However, these* variations 
can be maele to appear in definite directions and correction 
table's may be* pre*pare*d fe>r them by ade>pting a form of pro¬ 
jection in which meridians and parallels are* at right angle's to 
each other. These considerations le*ad to the selection of one; 
of the conformal pre>je*e*tiems. The* projection chosen for states 
with greatest extent in an east-west direction is the* Lambert 
Conformal Conie* with two standard parallels. For states 
extending principally north and south the* transverse Mercator 
with two standard meridians, which is essentially the Mercator 
projection turned 90°, has been chosen. Both of these projec- 

* Geodetic azimuth is defined as the horizontal angle to the right from true 
south to the line or direction in question when the horizon is perpendicular to 
a normal to the spheroid. 
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tions are conformal and each is especially suitable for the state- 
or ]>arts of states in which it is used. An idea of the amount oi 
the scale factor or change of scale from the original projection 
to that of the plane coordinates may be obtained from the 
computations for any state. Connecticut, Fig. 424, for example, 
which is computed on the Lambert projection with two standard 
parallels, has a maximum variation of 1 part in 59,000 mid-way 
between the parallels. Indiana, Fig. 424a, is divided into east 
and west parts each of which is computed on the transverse 
Mercator with two standard meridians, G4.6 miles apart, giving 
a maximum variation of 1 part in 30,000 mid-way between them. 
The amount of this variation is a function of distance between 
the chosen standard parallels or meridians along which the 
scale is held exact. 

A study of the advantages to be derived from the use of 
state coordinate's will cause' progressive engineers to urge tlie'ir 
e»arly establishment in eve'ry state. All state highway work 
would be* de'finite'ly coordinated and would carry the control 
system te> e've'ry e*orne*r of the state. City surveys would tie* 
up dire'ctly with the surrounding country anei a control syste'in 
fe>r the cemstruction of good eemnty maps, se> sadly lacking at 
present, would be' available'. In .addition, property corners, 
once give'll tlie'ir jc anel y e*e)e>relinates, e*an newer be leist ; the 
errors in the original land surveys would cause ne> more elifficulty; 
anel le'gal deed descript ions e*e>ulel be writte'n with gre'ate'r C'ase 
and accuracy than ever be'feire. See also §§455 and 458. 

425. Plane Coordinate Tables. The computations necessary 
to miner geodetic coordinates, distances, anel azimuths to plane 
coordinates, distances, anel griel azimuths * are le>ng and some- 
what difficult. The' variable* factors are principally differences 
in latitude*, longitude, and the spheroidal shape of the earth. 
Fortunately, most of the calculations can be made for any one 
state and the results can be given in tables. These reduce the 
necessary calculations to a minimum that is neither long nor 
difficult after the computer becomes familiar with the tables. 

* Grid azimuth ia defined as the angle that any given line makes with a 
north-and-south grid line. It differs from the true or astronomie azimuth (exeept 
at the central or initial meridian) by the amount of the convergence of the 
meridians. 
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Fig. 424. State Coordinates — Connect ict 















Fig. 424a. State Coordinates—Indiana. 
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The necessary tables for any state together with small maps 
showing such data as may be needed for those desiring to make 
use of the projections can be obtained from the United State's 
Coast and Geodetic Survey. 

For those who desire complete information on the subject, 
special reference is made to the Manual of Plane Coordinate 
Computation, Manual of Traverse Computation on the Lambert 
Grid, and Manual of Traverse Computation on the Transverse 
Mercator Grid--Special Publications numbered 193, 194, 
and 195 respectively of the United States Coast and Geodetic 
Survey. 

426. Military Grid System. A system of plane coordinates 
has boon established over the United States for military pur¬ 
poses. It differs from state plane coordinate systems in that the 
entire country is covered and the 1 coordinate's are stated in 
yards instead of feet. The' basic projection used is the polyconic 
projection developed for the country by the United States Coast 
and Geodetic Survey. 

For purposes of superimposing the grid system on maps the 
United States has boon divided into seven zones designated 
by letters, A to G. Each zone, Fig. 426, representing 9° of 
longitude overlap into adjacent zones E and W, is 30'. The 
rectangular grid is fitted over the polyeonie projection of each 
zone by making the north-south grid line agree with the central 
meridian of the zone. The origin of each zone is the intersection 
of its central meridian with the 40° 30' N parallel of latitude. 
The assigned coordinates of this point are X = 1,000,000 yards, 
Y = 2,000,000 yards. Figure 426a illustrates the superposition 
of 100,000-yard grids upon zone G. 

Because of the convergence of meridians true north and grid 
north do not agree except along the central meridian. This 
variation exceeds 3° at the edge of the grid zone. There is also 
a discrepancy in distance measurement due to the magnification 
of scale in a north-south direction incident to the polyconic 
projection. However this scale error, approximately two-tenths 
of one per cent at zone edges, is of no military consequence 
since it probably is exceeded by distortions that occur in paper 
map sheets due to climatic conditions. 
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HYDROGRAPHIC SURVEYING AND 

FLOW MEASUREMENTS 

By Professor W. I. Freel 
Purdue University 

HYDROGRAPHIC SURVEYING 

427. Definition. Hydrographic surveying usually involve* 
tlu 1 mapping of topography along the* shore line of a body ol 
water as well as the conformation of the earth’s surface beneath 
the water. In addition, a hydrographic survey may require the 
determination of velocities, directions of flow, and fluctuations 
of level in the body of water. 

428. Purposes of Hydrographic Surveys. Hydrographic sur¬ 
veys may be made 1 for one or more of the following purposes: 

1. Mapping bottom and shoreline of a body of water foi 
navigation purposes 

2. Estimating yardage on dredging projects 

3. Determining volume of impounded water 

4. Measuring fluctuation of tides 

5. Determining direction and velocity of currents 

6. Determining drainage areas. 

429. Equipment. The equipment employed in hydrographic 
surveying includes all of that used in regular topographic 
mapping with the addition of boats, tackle, and the special 
instruments peculiar to this field which are described later. 

430. Hydrographic Charts. A map or chart for navigation 
purposes is little different from any good topographic map 
except that tide fluctuations, navigation markers, water depths, 
and character of bottom material are indicated. Fig. 430 is an 
example of a hydrographic map or chart. 

431. Control. The control of the hydrographic map or chart 
should be of the same order of accuracy as that specified fo r 
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general topographic mapping (see § 275) or a higher order ainl 
should include a careful determination of the datum by method- 
suggested in Special Publication No. 135 of the United State* 
Coast and Geodetic Survey, Tidal Datum Planes. When 
points on the surface of the water are being used as part of the 
control system, they are usually marked by short staffs attached 
to anchored buoys. Control points consisting of special shore 
stations, visible from the water over which the boat is employed 
in making measurements, arc constructed of timber and painted 
for high visibility. Wherever possible, as in plane table survey¬ 
ing (Chapter XXIII), steeples, stacks, tall buildings, flag poles, 
and salient landmarks are used as part of the control system. 

The sc,ope, completeness and accuracy required in work of 
this character are exemplified in the splendid charts produced 
by the IJ. S. Coast and Geodetic Survey and the U. S. Lake 1 
Survey Office of the War Department Corps of Engineers. 

432. Filling in Detail. Filling in the detail of the subaqueous 
surfaces requires the accurate determination of depth by 
sounding and the accurate 
location of the point at 
which the sounding was 
made. 

The principles most used 
in making observations for 
locating points are the same 
as those employed in plane 
table work, namely, inter¬ 
section and resection, as ex¬ 
plained in Chapter XXIII. 

When intersection is used, the position of a sounding is de¬ 
termined by plotting rays, the' directions of which have been 
established by transit measurements from the ends of a base 
line' established on shore. Where the resection principle is used, 
the angles to shore stations are measured by sextant from a 
boat. Approximate methods for legating points are sometimes 
used, such as uniform rowing along range lines marked on shore. 

When depths are shallow, a stadia rod, equipped with a shot' 
which prevents the rod from penetrating soft bottom, is em- 


^Travcrse Control Line- 
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ployed for taking soundings. The azimuth, rod intercept, and 
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bottom material is granular, the cupped recess may be filled with 
w ax or tallow’ to which sand grains will adhere. In deeper water, 
the line suspending a heavier weight may be manipulated by an 
engine-driven or motor-driven winch. 

The location of all physical features and markers of interest to 
navigation, such as buoys, lights, bars, channels, and submerged 
obstructions, are carefully marked and identified on hydro- 
graphic maps. 
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A long taut wire is sometimes stretched between two power 
• boats and dragged through the water to discover pinnacle rocks 
or other hazards to navigation. The wire is supported at 
intervals by floats to prevent excessive sag. Although this 




Plan of Drag under Way 



Plan of Drag Aground 

CtmrUsu “f I'nitrd Sla*r s Coast and GeodtUc Sumy 

Fiu. 432c. Wire Drag. 

practice does not yield complete contours of the bottom, it 
locates high points and makes possible the quick determination 
of safe depths over large areas. By changing the lengths of the 
vertical supports of the drag wire and successively dragging 
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the area being mapped, it is possible to establish the locations 
and depths of obstructions in considerable detail. See Fig. 432i*. 

432a. Radar, Shoran, and Loran.* Soundings may be taken 
with a Fathometer (Fig. 432d). This instrument determines 
depth by measuring the time interval required for a sound wave 
to travel from ship to ocean bottom and back again. The prin¬ 
cipal advantage in the use of this instrument is the rapidity with 
which observations may be made. This makes possible frequent 
depth measurements from a ship in motion. 

433. Yardage on Dredging Projects. Yardage on dredging 
projects may be estimated by soundings of the bottom taken 
before and after the dredging operation, or by the principles of 
mensuration after the excavated material is loaded on barges. 
Another common method of yardage determination is to measure 
the draft of a scow before and after loading, and thus to estimate 
by dimensions the volume of water displaced dining the loading 
process. The specific weight of the water in which the barge 
floats and the unit weight of the excavated material are essential 
data in these computations. 

434. The Volume of Impounded Water. The capacity of 
reservoirs or lakes is usually expressed in acre-feet. An aere-foot 
is the volume of water one foot deep and one acre in extent, or 
13,5(10 cubic feet. In estimating capacity, soundings may lx* 
made and plotted to scale. The volume of water may then be 
computed by the application of the principles outlined in § 20S, 
and as described in Chapter XII of Rubey’s Route Surveys. 

435. The Fluctuation of Tides. Information concerning the 
fluctuation of tides is of importance to navigators and is essential 
information on a short 1 line map. In measurements of tide 
fluctuations, the determination of a correct datum is essential. 
Mean sea level is usually taken as dat uni. Since tides are subject 
to cyclic variation in amplitude, long observation is usually 
necessary to establish precisely the elevation of mean sea level 
at a station. Accurate observations of water levels may be 

* Recent developments ol electronic methods ol surveying are covered by a 
symposium on 'Radar Shows Promise in Mapping, i'tvv Enginernnq, July 
llWl. Vol l(i No 7, pp 21M-9 
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obtained by reading a hook gage suspended in a stilling box as 
in Fig. 435. Continuous records of water level fluctuations 
may be obtained by use of a water level recorder (Fig. 435b). 



Fir,. 435a. Staff Floating in Stilling Box. 


For work of ordinary precision observations for the determina¬ 
tion of a datum should extend over one lunar month. For precise 
surveys the period of observation is extended. 




bU4 


HYDROGRAPHY 


[Ch x\\l 



1 io 43 r )h Watlr IjLvll Ui corder 


436. Measurements of Tidal Currents. The direction and 
velocity of aments in iy be measured by the use of floats of 
various types, some of which me lllustluted m Fig 436 Ihc 
application of each type is suggested by its constiuetion 
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Special floats devised to suit the needs of the problem may be 
better than any of those suggested here. Tin 4 principal precau¬ 
tion to bo observed in connection with the use of a float is to 
make sure that the float has accelerated to the velocity of the 
current before the initial observation of its position is made. 
High velocities may be measured by the use of the current 
meter which is described later. 

437. Drainage Basin Areas. Complete maps of drainage areas 
may be constructed by the principles of topography or photo- 
graminelry. When only the size of the drainage area is 
required, a traverse is run which follows the high ground and 
sufficient side shots are made 1 for plotting the location of the 
ridge line. In many cases, however, there arc* reasons for 
requiring complete contouring of the physical features within 
the drainage area. The slope of the ground, the character of 
the soil and cover, the routes traveled by drainage, and the 
cross-section of streams within a basin are essential data where 
a particular problem is being completely solved. 

A few examples of engineering problems in which such infor¬ 
mation is required are listed below: 

1. Determination of size of bridge or culvert opening 

2. Design of flood retention works including retention 
reservoir, dam and spillway 

3. Design ot levees for flood protection 

4. Rational design of sewerage systems 

5. Design of storage reservoirs for water supply and water 
power projects 

6. Design of artificial waterways for navigation. 

FLOW MEASUREMENTS 

438. Discharge Measurements. Discharge of streams, canals, 
ditches, flumes, and other waterways usually is expressed in 
cubic feet per second, commonly abbreviated sec.-ft. In dis¬ 
charge measurements the information sought is the number 
of cubic feet per second flowing past a station. This may be 
required for the minimum flow, the maximum flow, or for the 
variations in flow extending over a long and uninterrupted 
period of time. The nature of the problem to be solved governs 
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the information desired and determines the methods to be 
used. 

No effort has been made in these pages to outline completely 
the entire field of stream discharge measurement or to cover 
completely the application of stream discharge 1 measurement to 
engineering practice. The professional technique of stream 
discharge measurements is covered in the references. 

Most methods of determining discharge comprise finding 
the average velocity of the flowing water and multiplying 
this by its cross-sectional area. The result is more accurate 1 when 
the cross-section of the* whole* moving body of water is divided 
into several smaller sections, the* velocity of each section deter¬ 
mined separately and multiplied by its area, and the sum of 
these products used as the total discharge*. A single discharge 
figure* is seldom useful. It becomes effective as a part of the 
analysis of an engineering problem only after it is combined 
with s(*ve*ral othe*r discharge* measurements made at the same* 
station at various e>the*r stages. Tlie*se* are* use*d te> construct a 
curve known as a Rating Carve for the* station unele*r considera¬ 
tion. A rating curve* is illustrated in Fig. 438. Mem* compli¬ 
cated rating curve*s may be* constructed te> show the* e*ffe*e*t upem 
discharge* e>f a rising or falling stage. Ne> atte*mpt is hem* inside te> 
illustrate such a curve or to explain its const rued ion. Example's 
of such rating curve's and instructions for the*ir construction 
may be* femnel in Water-supply Pape*r No. 888, United State's 
(Senlogical Survey. 

439. The Price Current Meter. The* method of ve*le>city 
measurement which here will be termed stanelard is the one 
commonly used by the* United State's Ge*e>le>gie*al Survey. It 
eanpleys sis its principal instrument the* small Prie*e* current 
nie'ter shown in Fig. 439. The essentials of this me*ter are a 
bue*ket w T he*el rotated by the* passsige* of the* wate*r anel a battery 
cire*uit through meter and headphone's which permits the 
revolutions of the bucket w’he*e*l to be e*ounte*d. The meter is 
used by pointing the bue*ket wheel directly against the current 
whose velocity is to be measured, and counting the* re*ve)lutions 
for a stated period of time. With the speed of the bucket wheel 
as an argument, the velocity at the pe>int of its suspension 
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in the stream can be determined fiom a calibration for the met( i 
used. Meter calibrations are usually made by The National 
Bureau of Standards at Washington, D C , but may be made 



in the field by dotetmining the ielation of the speed of the 
bucket wheel to the \elouty ol the meter as the lnetei is pio- 
pelled through still water 

Papei TSo 1778, \ ol 95, Tiansactions of the Ymerican 
Society of Ci\il Engineeis, entitled “Effect of Turbulence on 
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the Registration of Current Meters,” adequately covers the 
technicalities of the use of current meters and is accompanied 
by an appendix listing published papers covering all types of 
current meters used up to 1927. A recent innovation in current 
meters is illustrated in Fig. 439b. 


440. Variations in Velocity. At any one station, the variation 
in velocity of the various parts of the cross-section of the* stream 

is very marked and consequently 
must be taken into account in 
making measurements. The ve¬ 
locity usually increases from the* 
bank toward the center of the 
stream and varies from the sur¬ 
face to the* bed. The variation 
from the bank towards the stream 
center is difficult of prediction 
and is determined by dividing 
the cross-section into a number 
of subdivisions. The variation 
from surface to bod, however, is 
understood, and the rather con¬ 
sistent velocity variation in this 
direction is depended upon in 
making measurements. Fig. 440 
shows the common distribution 
of velocity from surface* to bed. 
The consistent shape of this curve 
makes possible the practice of 

TION. , . . 

taking trie* velocity at one* or two 
depths in each section of a station and computing the average 
velocity for that section. An examination of Fig. 440 will 
reveal that the average' velocity occurs at 0.6 the depth; that 
the average of the velocities at the* 0.2 depth and 0.8 depth 
is the average velocity; and that the average velocity is ap¬ 
proximately 0.9 the surface velocity. This gives rise to the 
practice of using 0.9 of the surface velocity or averaging the 
velocities at the 0.2 and 0.8 depths, or using the velocity 
at the 0.6 depth as the average for the section being con- 
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Ratio of Velocity at a Point 
to Average Velocity 
Fici. 440. Velocity Distribu- 
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sidered. The velocity obtained by averaging the 0.2 and 0.8 
depth readings is the most reliable of the three methods 
mentioned, but because of the impracticability of always using 
this method, the velocity at the 0.6 depth is sometimes used 
alone. Nine-tenths of the surface velocity is sometimes used 
as the average velocity ('specially at flood stage's where meter 
determination is difficult. Velocity measurements at thh 
point are most affected by wind, wave's and currents produced 
by channel roughness and are therefore* likedy to be* unreliable*. 
On elec'p stminis the vertical velocity curve may be deten*- 
mined some*what more* precisely by additional readings at other 
de'pths. 

441. Use of the Price Current Meter. The application of the 
small Price* in(*t(*r to making a stmun discharge ine*asure*m(*nt 
comprises the* following: 

1. Choosing a suitable station 

2. Dividing the cross-section of the station into sections 

3. Determining the art*a of e'acli se'etion and its ave*rage 
velocity 

4. Summing the products of ami and velocity to arrive at the* 
stre*am discharge*. 

The* process may be be*tte*r unde*rstooel by an examination of 
the* sample* ne>te*s of Fig. 441. 

A station should be* chosen where* the channel is fairly straight, 
of uniform cross-se'etion for a reasonable distance* above* and 
be*low the* station, and whe*re* the* be*d material is relatively 
stable*. St might nc*ss of channe'l contribute*s to freedom from 
e'ddies or cross currents, and stable* bed material avoids change's 
in cross-section re*sulting from scouring. Care* should be* take*n 
to establish the* station whe*re* change's in the* fleiw of the* stre*am 
will be* quickly refle*cte*d in the* change e>f the stage* reading, thus 
insuring reasonable se*nsitiv(*ne*ss of the system, or, in othe*r 
words, assuring that a change in discharge is accompanied by 
a change in stage. 

This condition is most readily obtainable where some natural 
control exists just below the station such as a ledge* across the 
stmun or a steep rapids. Artificial controls are* some*times 
constructed for the express purpose of facilitating discharge- 
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§441] USE OF THE PRICE CURRENT METER 

measurements. Hydraulie structures having some other purpose 
often form a suitable control for a gaging station. The control 
serves to avoid conditions under which back water might 
increase the stage without affecting the stream discharge appre¬ 
ciably. A gaging station should not be located where it will be 
affected by back water from a downstream tributary subject 
to quick floods. 





covrtav of United Stan s Geological Survey 

Fics 441a. Natural Control. 

A station should be sectioned at right angles to the current 
and a suitable number of sections established as in Fig. 441 e. 
Too few sections will result in an approximate value — too 
many in unnecessary labor or time consumption. It is desirable 
to keep the time consumed in making a single stream discharge 
measurement to a minimum in order to obviate the difficulty 
which arises w T hen the stage materially changes during a set of 
readings. The width of the sections is usually uniform, but 
conditions at the station should govern and it may be found 
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Advisable to have the sections of unequal width. Ordinarily, 
flow in the largest section should comprise less than ten p<>r 
cent of the discharge at the station. 

As often as possible, two velocity readings should be made 
at each section, one at the 0.2 depth and one at the 0.8 depth, 
and the average used as the section velocity. Where this is not 
feasible, the velocity at the 0.6 depth should be read and used 
as the average velocity. In extreme cases the meter should be 



Courtesy of United States Geological Survey 


Fig. 441b. Artificial Control. 

submerged for a surface velocity reading and 0.9 of this value 
considered average velocity. Variation from the above pro¬ 
cedure will yield good results providing the operator uses discre¬ 
tion in the application of the velocity curve of Fig. 440. 

When a single stream discharge is obtained, it constitutes 
a valid point for plotting on the rating curve, stream discharge 
being the abscissa and stage reading the ordinate. A series of 
stream discharge measurements taken at various stages of the 
stream is necessary for the construction of the complete rating 
curve. The simple form has been shown in Fig. 438. The more 1 
complicated forms of rating curves are justified by the influence 
upon discharge of rising stage, falling stage, bacb ater, or other 
complications, but the discussion of them is omitted here. For 
simplicity, the relation of stage to discharge is sometimes set up 
in tabular form. 





Wafer Surface 
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442. Stage Readings. Stage readings are usually expressed 
in feet and decimals. They may be read from a permanently 

mounted scale painted on - 

a board where the level of 
the water may bo observed 
hourly or daily, or a con¬ 
tinuous record of stage may 
be obtained by the use of a 
water level recorder. 


443. Effect of Changing 
Stage on Stream Discharge. 

When flow is uniform the 
stage* indicates the stream 
discharge* at a station. When 
the* stage is changing the 
relation between stage and 
discharge* is shown only by 
the* more* eomp!ie*ate*d form 
of rating curve* me*ntione*d in 
§438. As the stage* rapidly 
increases, the* actual stream 
discharge* is greater than 
the simple* rating curve* in¬ 
dicates and as the* stage 
rapidly decreases, the* dis- 
charge is le*ss than the curve 
indicates. 

444. Manipulation of Cur¬ 

rent Meter. The* handling I 
of the e*urre*nt me*te*r in the 
fie*lel contributes in a great 
measure te> the* succe»ss of 
its application. It may lx* 
suspended from a brielge*, p I(i 442 p lVER 

cable»\vay, eirbeiat or through 

hole's in ice*; or it may be* attached to a re>d as 
wades the stream. The essential precautions to 
are the following: 






•4jr 


the operator 
be observed 
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Fig 442a. Tipkal Ri\kr Measurement Station 

1. The depth of submergence should be definitely known 

2. The meter should be level and directed against the current 

3. The effect of obstructions should be strictly avoided 

4. When suspended by a cable, the meter should be properly 
weighted to make sure that the measurements are being made 
at the proper depth. This precaution should be carefully 
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observed where the water is deep and the current swift. Where 
the weights essential to the accomplishment of these measure¬ 
ments become excessive, special tackle is used as in Figs. 444a 
and 444b. 



('ourti sy of United Stan s (Jiotogical Survey 

Fiu. 444. Price Current Muter, Type .4, with 15 Pound 
Strevmlined Wekjiit. 

445. Floats for Velocity Determinations. Floats like those 
suggested in § 436 may be used to obtain the average velocity 
between two stations. The average velocity thus determined 
may be used in conjunction with the area to obtain the dis¬ 
charge. In this method of measurement a course is established 
and a sufficient number of trials made to establish the velocity 
in the various sections of the stream. The floats should be 
released far enough above the point at which the initial observa¬ 
tion is made to insure that the float attains the speed of the 
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r 


i 



( (urtt v (f l viud sum Gfological Sur cy 

Ik, 444 i T\pf A Room and Hi it 

(urient befoie its timing begins In (omputing the* velocity 
indicated by the time* required for the* float to tiave»rso the* 
eouisp, allowance should be* made* for the depth-velocity rela¬ 
tionship, bearing m mind the variation m \<4ocity previously 
illustrated in Fig 440 Float measurements seldom yield as 
tollable or ace urate results as do current metei measurements, 
therefore extreme caution should be exernsed m their use 
especially in the presence of wind Float measurements are 
apt to be found more useful in artificial channels of uniform 
section than in natural (flannels of variable section 



Courtesy of United Slates Geological Survey 

Kkj. 4441). Power-Driven Equipment. 

446. Use of Open Channel Formulas for Determining Average 
Velocity. When a roach of stream has a uniform cross section 
and a gentle slope, the average velocity is occasionally obtained 
by the application of an empirical formula. A common formula 
is that of Chezy, 

v = Cy/rs 

in which v is the average velocity in the channel in feet per 
second; r is the hydraulic radius in feet, obtained by dividing 
the cross section of the flowing stream by the wetted perimeter 
of the same; s is the-slope of the water surface; and C is an 
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empirical constant. A widely used formula for the computation 
of C is that of Robert Manning, 

v = Id?? r l 

n 

A few values of n, the roughness coefficient, for use with Man¬ 
ning’s formula for 0, are shown in table 446. 

TABLE 446.* VALUES OK n FOR 
FAIRLY STRAIGHT CHANNELS 


Pinned timber, glazed or enameled Mirfaces, smooth clean cement, 

in perfect order . .... 0.010 

Unplaned timber, newly and well laid brickwork, and moderately 

clean iron pipe .... 0.012 

Smooth stonework, iron, ordinary brickwork and concrete and 

vitrified clay pipe 0.013 

Smooth fine gravel or ttib ■rculatcd iron 0.020 

Corrugated metal .0.021 

Earth in ordinary condition .0.025 

Earth in rather poor condition with stones or weeds.0.030 

Earth in poor condition about one-third full of vegetation . . . 0.035 

Channels in exceptionally bad condition, two-thirds full of vegeta¬ 
tion, up to .0.050 


In the application of the Chezy formula for determining 
average velocity, the area and hydraulic radius may be obtained 
by methods already discussed, n for use in computing C is 
chosen with the surrounding conditions as an argument, but 
.s* must be measured by methods not yet discussed. This is 
usually done by suspending hook gages in stilling boxes at the 
end points of the reach of the stream under consideration and 
referring the hook gage readings to a precise level circuit con¬ 
necting the two hook gages. In some cases, four hook gages 
instead of two are employed, measurements being taken on 
both sides of the stream and the measurements averaged. 
Differences in interpretation of the various definitions of n 
result in a variation in the discharge value even though the* 
other channel properties arc* well known. This leaves much 
to be desired in such measurements. 

* Based on the use of the Manning C with the Chezy formula as diagrammed 
by Mr. Fred C. Scobey, Bureau of Agricultural Engineering, U. S. Department 
of Agriculture. 
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447. Determination of Cross-Section at a Station. Accurate 
•determination of tho dimensions of the cross-section at a station 
is necessary in obtaining good results. An examination of tin* 
sample of notes, Fig. 441, reveals that the soundings for depth 
proceed hand in hand with the velocity measurements where 
the small Price current meter is used. Where other methods of 
velocity measurement are employed, a separate determination 
of area of cross-section is car (‘fully made. 

448. Use of Weirs and Flumes for Discharge Measurements. 

Conditions of channel occasionally lend themselves to tin* use 
of a weir its a means of measuring rate of flow. A weir is a 
notch in an artificial or natural barrier to the flow of a stream. 
It may be of various forms, but is usually rectangular or tri¬ 
angular. The relation of depth of flow over a weir to the dis¬ 
charge* is a definite one for any particular case, but the improper 
application of the principles of weir flow to discharge measure¬ 
ments may lead to gross error. The best procedure to follow 
in applying the weir to stream discharge measurements is to 
determine the correct formula for use by a careful examination 
of reliable papers on this subject, making sure' that the condi¬ 
tions surrounding the derivation of the empirical constants in 
the formula were the same as those now existing at the site of 
the intended measurements. Since it is likely that difficulty 
with floating debris and sediment will be encountered in natural 
streams, suitable measures should be taken to cope with such 
interference 1 . The customary way of handling this difficulty 
is to station an attendant at the weir to keep it in perfect 
operating condition. 

Where it is necessary to avoid accumulation of sediment or 
debris, the modified Venturi flume, commonly known as the 
Parshall flume, is increasingly used for slightly less precise 
measurements. 

Water-Supply and Irrigation Paper Xo. 200 of the United 
States Geological Survey has been much used as a basis for dis¬ 
charge measurements by means of weirs. Paper No. 1711, Vol. 
93, Transactions of the American Society of Civil Engineers, 
Precise Weir Measurements, by Schoder and Turner, extensively 
discusses the finer points of such measurements. 
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PROBLEM 

From the notes shown in Fig. 441 plot the elevation view of the station 
at which the notes were taken and compute the discharge of the Wabash 
River for the complete set of notes. 
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LEGAL PRINCIPLES OF BOUNDARY SURVEYING 

449. General. A complete treatment of the law of boundaries 
would occupy volumes, ('specially if court decisions were quoted, 
for the* law of boundaries is “extremely complicated and charac¬ 
terized by endless exceptions.” The most satisfactory references 
on this subject art* given in the list at the end of this chapter. 

This brief chapter must be confined largely to generalized 
statements true in most of the states and territories of the 
United States, but subject to variation in these fifty-odd juris¬ 
dictions. The boundary surveyor must familiarize himself 
with the law in the jurisdiction in which he practice's. 

The* private surveyor * or engineer possesses no formal legal 
status other than that of expert witness, but actually and in¬ 
formally he must advise his client and conduct his surveys in 
accordance with accepted legal principles. In many cases, the 
surveyor must cooperate with an attorney both in the prepara¬ 
tion of a case and in the negotiations or court proceedings con¬ 
nected therewith. 

The actual surveying, that is, the making of measurements 
and calculations, might frequently be classified as sub-profes- 
sional work. But when the surveyor so engaged is called upon 
to exercise legal knowledge and judgment in connection with 
surveys, the work takes on a professional character and in many 
cases becomes highly professional. As repeatedly mentioned in 
this chapter the surveyor has no formal judicial function, but 
from the moment he is approached by a client regarding a 
boundary survey his advice and action must be based on sound 
legal knowledge and professional judgment. 

The interests of the client, the surveyor, and the community 
are best served by securing the facts, by studying the case, by 
definite solution from a survey, by settling the controversy 
through agreement, or by arbitration. Finally, if these fail, the 

♦The word “sur\eyor” is commonly used in boundary surveying although 
the function is frequently performed bv an engineer. 
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dispute must be decided by court action which may entail a 
maximum of expanse and hard feeling, frequently far beyond 
the value of the disputed land. 

450. Review. The treatment in this chapter is predicated 
upon, and supplementary to, that given for Land Surveys in 
Chapter XII. Some of the legal principles then* stated will be 
briefly summarized here, but it would lx* better to re-read the 
chapter on Land Surveys. Chapter XIV of Rubey’s Route 
Surveys covers Rights of Way for engineering projects. 

The engineer is interested in boundary surveying as such ; a*-* 
a part of construction projects and the preparation therefor of 
descriptions of land boundaries for deed% mortgage's, convey¬ 
ance's of rights of way, and other document* of title; and as an 
industrial executive who finds it necessary to conduct real estate 
transactions. 

Information regarding surveys is secured from abstract and 
title* insurance* companies, from court decisions, from the 
official reee>rds of counties or cities, from survey re*e*e>rels anel 
monuments of original surveys made* by the* fe*ele*ral government 
or by private* surveyors, from el<*seTiptie>nsof the* property in ele*e*els 
<>r other legal documents, andfre>mle*stimonye>f informed persons. 

In orde*r to se*e*ure* le*gal precedence ewer subse*que*nt claimants 
of inte*re*st in the* land, le*gal (loeume*uts such as ele*e*ds and 
mortgage's are rc*ee>rele*el by the* owner with the* county or e*ity 
registrar or rc*e*orclc*r of d(*e*ds or othe*r designate'd officials, anel 
are* there* available for public re*fe*re*nce. Private* abstract com¬ 
panies are* pre'pare'd to give* a comple'te* abstrae*t of all recorded 
documents affecting a give*n piece of property, in such form that 
the validity e>f the title may be* passed upem by an attorney 
ve*rsod in land transfers. In some 1 localities, in New England 
for example, one attorney commonly functions as abstractor, 
title examiner, and accumulator of abstract records. Title 
guarantee companies combine the functions of the abstractor 
and the attorney, and in addition insure the title* of the property. 
Such insurance assumes no liability regarding the location of 
the property lines on the ground as determined by surveys, and 
as a consequence careful dealers in real estate require a survey 
as well as title insurance from the owner. 
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Every effort should be made to secure an agreement between 
interested property owners without recourse to the courts, and 
friendly relations should be fostered. Agreement between 
owners failing, only one agency can decide authoritatively the 
position of a boundary line, namely, a court of proper jurisdic¬ 
tion. Special land courts are in operation in California, Massa¬ 
chusetts, Minnesota, Ohio, Hawaii, and the Philippines. Some 
twelve other states have enacted statutes similar to those in 
the jurisdictions mentioned which are not yet functioning 
effectively. Claimants refer questions regarding land surveys 
and titles to these special land courts where a moderate fee is 
charged. Detailed surveys conforming to definite 1 specifications 
are used by these courts whose decisions an* seldom reversed. 

It is hel(J by the courts that in making resurveys the surveyor 
must attempt to re-establish tin* corners of the property in their 
original locations on the ground. It is not the function of the 
surveyor, or of any one else, to change the positions of corners 
by correcting original surveys. 

One exception may bo noted. In most states, exclusive, actual, 
continuous, visible', hostile, and notorious possession of land 
under claim of right or color of title, or the position of a land 
boundary, which has existed for a statutory period of ten or 
twenty years, gives title for the land to the adverse possessor 
under the legal principle of adverse possession. A somewhat 
similar doctrine of acquiescence is in effect in Iowa. These prin¬ 
ciples seldom apply against governmentally owned property. 
Where competent legal advice indicates that these principles 
do control a boundary, no time is to bo spent in relocating the 
original corners except as they may be necessary in locating 
other boundaries not determinable by adverse possession. 
Even when the period of possession is less than the statutory one, 
it is frequently undesirable to disturb long established and gen¬ 
erally accepted property lines. 

Boundary re-surveys art' something of a specialty which will 
best be left to those qualified for such work in a particular 
locality and other engineers should avoid all but the simplest 
land surveys. Perhaps a dozen reasons may be advanced for 
making this statement (see page 201), as, for example, that the 
engineer is legally liable for damages as explained later. 
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The proper descriptions, maps, and field notes must bo se¬ 
cured; then the existing or easily identified corners found on 
the ground, using local witnesses. Only after a thorough search, 
including digging for corners not evident on the surface, and 
all possible testimony from local people, should the attempt be 
made to reestablish the corner by surveys. Following the sur¬ 
veys, a new search for the corner is sometime's successful since 
the probable location is then more definitely established. 

A land description is to be* interpreted as forming a dosed 
survey. Natural and ascertained objects on the ground are 
normally given the greatest weight, then artificial monuments, 
then a statement of adjoining property (which in a sense is an 
independent designation of a boundary). As between distance 
and bearing of lines, that should be given the greater weight 
which was probably the more accurately measured. Errors in 
bearings or distances art* usually proportioned over the lines 
intervening between known monuments. Area is given the 
least weight in determining land boundaries unless area is the 
essence of the deed or unless the error is large. In one case an 
error of eight per cent in area was given special cognizance 1 . 

451. Additional Legal Principles of Boundaries. Few engi¬ 
neers will attain a mastery of this extensive and complex phase 
of law although they may acquire* knowledge of the principles 
generally applicable in the jurisdiction in which the*y are* prac¬ 
ticing. As a matte»r of fact, this is a specialized field of law in 
which thoroughly qualified attorne*ys are rare. He>weve*r, 
‘‘Ignorance e)f the law excuses no man,” and this applies with 
special emphasis to the e*ngine*er engageel in boundary surveys. 

The fundamental fae*t of boundary location is that a boundary 
is properly located only when it is in the position which a com¬ 
petent court of proper jurisdiction would approve. 

The courts follow such general principles as . . to place our¬ 
selves as ne*arly as possible in the* seats which were occupie*d by 
the parties at the time the instrument was executed,” and “the 
cardinal rule for the interpretation e>f deeds and ether written 
instruments is the expressed intention of the* parties, gathered 
from all parts of the instrument, giving each word its due force, 
and read in the light of existing conditions and circumstances. 
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It is the intention effectively expressed, not merely surmised. 
This rule controls all others.” 

The surveyor’s duty is to meet these general requirements in 
a specific case. 

Where the true boundary is in dispute, and unknown, it may 
be located according to parol (verbal or informally written), or 
formally written, agreement by the interested adjoining property 
owners. It is desirable, although not always essential, that a 
formal written copy of the carefully drawn agreement, preferably 
under legal advice, be filed with t he proper recording official. It is 
helpful if action is taken on the agreement, such as building on, 
or to, the line or otherwise' occupying the property. In cases 
where the true boundary is later discovered, the owners only 
rarely may claim and occupy land to that true boundary. The* 
general purpose* of the courts is to approve and encourage such 
agreements regarding unknown and dispute'll boundaries. 
The eompe'ti'nt surveyor is usually the bi'st arbitrator in such 
cases, if an arbitrator is needed. 

Uneli'r the' principle' of Adverse Possession or Acquiescence *, 
property may unde*r certain circumstances be acquired bv long 
occupancy as state'll on page* 199, although corners so estab¬ 
lishes! have no weight in determining the* location of othi'r 
property corners. 

Re-surve'ys usually are made to prevent or to settle contro¬ 
versies between projK'rty owners. As a matter of policy, the 
surveyor should atte'inpt to secure agm'mi'iit between the* 
interested parties, either with or without the aid of such surveys 
as he has made. In this effort it may become advisable to refer 
one or both of the parties to the dispute to a qualified lawyer. 
Should such attempt fail and should the case go into court, then 
the surveyor enters simply as an expert witness to present evi¬ 
dence as to where, in his opinion, the corners should be relocated; 
and the final position of the relocated corners is determined by 
the court. It is thus evident that the surveyor, even though 
he be an employee of federal, state, county or city governments, 
has no authority to re-locate a corner himself. It has been 
stated that the surveyor in these cases is an expert witness 
rather than a judge. 

Were space available, an entire chapter might well be devoted 
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to the ethics, strategy, and techniques of the surveyor in his 
capacity as an expert witness. 

Riparian property rights (those' concerning land adjoining 
water course's) assume* many forms, have he'e*n the* subjects erf 
e*xte*nsive* litigation, and require special study. They are* largely 
statutory, and consequently vary in eliffe*re*nt jurisdictions. 
An e*xte*nsive treatment may be* consulted in Clark s On Survey¬ 
ing and Boundaries. 

452. Subdivisions. In the* matter of subeli\iding land into 
city lots e>r into small acreage* tracts (se*e* also Chapte*r XXVIll, 
City Planning Surveys ), a we*ll elefine*el ma]> of the* e*ntire tract 
and erf the* individual tracts and roads must be* pre*paml on whie*h 
the* permanent monume*nts are* e*are*fully show n. All information 
necessary for a surveyor subsequ(*ntly to re»trae*e* the* lands must 
be* shown accurately. (Vrlificate*s must be* made u])on the* plat; 
first, by the* surve»yor stating the* work which lie* lias done; 
sevonel, by the e>wne*r stating the* nature* erf his title* tei the* preip- 
e*rty and de’dicating the stre*e*ts and alleys to the public; third, 
by some* le*gal public office*!* such as a e*ity e*ngine*e*r, county 
surveyor, or e*ity plan commission approving the layout, particu¬ 
larly with re*garel to reiaels and alleys and eithe*r public e>r jeiintly 
e)\vne*d pre>pe*rty; and fourth, by a notary berfore* whom the,* 
e'xecution of the first anel sc*e*oiiel e‘e*rtifie*ate*s may be* acknowl- 
e*elge*d. There aie* numereius othe*r re*quire*me*iils unele*r sj)e*cial 
e*ircumstance*s anel in ce*rtain localitie*s. 

453. Maps, Plats, and Field Notes. Eleven Corpus Juris 
Secundum , Boundaries, Se*e*. 113, page* 7(M) cove*rs the* admissi¬ 
bility of plats and maps as e*viele»nce, as follows : 

“As a ge*ne*ral rule, maps eir plats of surveys are* admissible 
in e*vide*nce. The*se* ine*lude* maps eir jilats made by the county 
surveyor or othe*r official surveyors; plats erf unofficial surveys 
whe*n made* by a qualifie*el surveyor; maps from the* land office, 
although maele subse*que*nt to the* beginning of the* action; and 
maps made by order of the* state* lanel board. Like*wise*, plats 
anel maps attached to and maele a part erf de*eds e>r grants ea* 
re*fe*rre*el to therein, e*ither expre*ssly e>r by clear implication, 
maps which have* been recognized as correct by a former owner 
of the land, and ancient maps and plats when duly authenti- 
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cated, are admissible to prove a disputed boundary. A map oi 
plat referred to in the testimony is admissible as explanatory 
of it. 

“ In all eases the map or plat must be verified or authenticated, 
and in the case of a surveyor’s plat proof offered that the sur¬ 
veyor making the same actually traced the lines on the ground 
as depicted.” 

Loose, miscellaneous memoranda have frequently been ex¬ 
cluded in testimony. Field notes kept in regular bound field 
notebooks are most acceptable. While, so far as is known, no 
decision regarding loose leaf notes is available, it is probable 
that properly authenticated loose leaf notebooks would he 
admissible. 

The field notes of a survey are usually kept by the surveyor 
as his personal property, although plats and reports based on 
the survey are given to the client. 

454. Land Descriptions. Perhaps the most important of the 
boundary surveyor’s duties is to furnish an adequate description 
of the land from which other surveyors may surely tract 1 the 
boundaries and by which the land may be identified by land 
conveyancers for the purpose 1 of tracing the title. Such descrip¬ 
tions are given on pages 204 and 219 of tins volume, and on 
pages 208 and 209 of llubey’s Route Surveys. For a city lot, or 
for the similar case of a small acreage tract which is part of a 
formally filed plat, the description is a simple one, somewhat as 
follows: 

Lot 24, Block 60 of Smith's Third Addition to the City of St. 
Louis , (City Block 6274), ns shown on the plat thereof recorded in 
Plan Booh ... on paqe . . . in (state place of filing). 

* In nearly all cases it is most desirable to refer in the description 
to “the accompanying plat (or map) which is made a part 
hereof.” The plat should be complete, as shown in Fig. 226a, 
or in Figs. 454 and 455, and should be certified by the sur¬ 
veyor and recorded with the instrument in which the description 
occurs. 

In such description as that given above for Lot 24, or for 
regular subdivisions of the United States Public Land Surveys 
(§ 184), it is usually satisfactory to refer to an already filed plat. 
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It is desirable to incorporate state systems of plane coordinates 
(§§ 191 and 458) in the description and plat. 

Proposed Addition to Golf Course, 

5outh of Columbia. Missouri 



Post 


4 John Doe, hereby certify that / surveyed the property shown 
hereon on Motch 30, 1941. and that the plat is a true representation 

tf " reo f <rJU voc 

7 Civ// Engineer 

Subscribed and sworn to before me this day of April, 1941 


Notary Public 

Fia. 45 1 . Plvt r ro Accompany Diced.* 

Professor Kissamf summarizes the requirements for a good 
land description as follows: 

“The only permanent records that remain after a land sur¬ 
veyor’s work is done are the descriptions that are recorded in 

* See Survey Data in Figs 253 and 253a, and on page 131 of Table X. 

t Proposed Standard* for Land Description * by Philip Kissam, Civil Engi¬ 
neer, ng, November. Ill 10 pn. 090-697. 
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the deeds. The marks that he sets are lost or destroyed; tin* 
field notes are filed in some attic*; the laborious computations 
and careful measurements obtained with such effort are foi- 
gotten with time. The most important written evidence bearing 
on the* location of property linos is the* recorded descriptions. 
On them depends the ownership of the greater portion of the 
wealth of the country. They provide the most useful meam 
of tracing titles, and their importance cannot be overesti¬ 
mated. 

“As the responsibility for drafting descriptions is usually in 
its hands, the engineering profession might well develop stand¬ 
ards for descriptions that could be* used generally. Under pres- 
out conditions title companies, real estate brokers, lawyers, 
and title* examiners, all have* their particular requirements which 
must be met and it becomes a difficult task to draft a descrip¬ 
tion that will satisfy everyone and in addition be adequate for 
the land surveyor. 

“The description has two functions and unless each is properly 
fulfilled the description is inadequate. It is natural that in 
reviewing a description the* lawyer looks to the identification of 
the property. Proper identification and precise* location are so 
much alike* that frequently both seem complete when only one* 
is fulfille'el. On the e>the*r hand surve*ye>rs often inadvertently 
fail te> pre>vide identification. He*ne*e the* ne*e*d e>f the*se te*sts: 

“1. Does the* standard ele*seription e*e>mple*tely identify the 
property so that the title can be surely trace*d? 

“2. Does it include* all the* ne*ce*ssary data to mark the bounel- 
arie*s on the ground ? 

“Six rules, whie*h are he*re proposed for standard descriptions, 
ensure the fulfillment of the*se* requirements and can be applied 
immediately with very little* e*hange in our present form of 
description. 

“ Rule 1. Each description in a recorded deed should boar the 
name of the person responsible for the description. 

“Rule 2 . All recorded descriptions should include the date 
w r hen the person whose name appears upon it was assured of its 
accuracy. 

“Rxilc 8. The source of the survey data upon which the 
description is based should be definitely stated. 
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“Rule 4- The identity of the property must be clearly stated. 
For example, ‘ Being the same tract (or part of the same tract) 
conveyed to A by B by warranty deed dated June 3, 1934, and 
recorded in Book 100, page 100, July 1, 1034.’ 

“Rule o. The description should include survey ties to at 
least two durable* monuments. 

“Rule (>. All dimensions of property lines and all bearings 
shall be stated, and no 1 more or loss’ distances shall be used. 
All dimensions shall be* based on a closed survey which has been 
cheeked by latitudes and departures. 

“These six rules can be carried out with little change in pres¬ 
ent methods of writing descriptions. In fact nearly all of them 
have been customary from time* to time. They could be adopted 
at once* without disrupting present practice.” 

455. Complete Description by Means of a Plat Only. 

Piofossor Kissam then continues by pro]losing that a plat only, 
without worth'd description, will moot all requirements for a 
good description: 

“Consider for a moment what would be the* ideal form for a 
description to take. Above everything else it should be* expressed 
in such a way that it could Ik* understood as easily by the lay¬ 
man as by the land surveyor. And yet how many persons can 
understand a land description as it is written today? No one, 
not even a land surveyor, attempts to do so. Kvory time a land 
description is used, a sketch is made of it. Why shouldn’t a 
sketch bo made at first, once and for all? I believe that a trac¬ 
ing on cloth should b(* substituted for the metes-and-bounds 
description. The original tracing should lx* attached to the 
deed and a lithograph copy on tracing cloth should lx* inserted 
in the book of record. This method has been used from time to 
time, with the modification that a metes-and-bounds descrip¬ 
tion has also been included. In this case tlx* metes-and-bounds 
must be compared with tlx* tracing, an unnecessary waste* of 
time. The question may be asked, ‘Will such an arrangement be 
safe?’ In Massachusetts it is now exactly the procedure for 
registered property. 

“All the six rules mentioned would be included in the draw¬ 
ing. When the drawing includes references to the state coordi- 
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nate system, no question can possibly exist as to the location of 
the property.” 

In such a procedure as recommended by Professor Kissam 
and as under consideration by others, such as the Joint Com¬ 
mittee of the American Bar Association and the American 
Society of Civil Engineers, the only necessary description in a 
deed may be accomplished by referring to the land as . . situ¬ 
ated in the Town of . . ., County of . . and State of . . 
shown upon a plat drawn hy John Doe , Civil Engineer , dotal 
. . ., and filed (state here plaee of filing ), to which plat (as Fig. 455) 
reference is hereby made for particular description .” Foi rights ot 
way, see Proceedings, Am. Soe. C. K., Nov. 1941. 
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456. General Remarks. The owner’s attention should be 
called to the desirability of allotting sufficient funds to permit 
properly monumenting the survey on the ground, so that future 
boundary disputes may be minimized or eliminated. 

After all is said, let it be understood that as a practical matter 
perhaps most boundary questions are actually settled by sur- 
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vcyors. A competent surveyor with a good legal understanding 
is really the best qualified person, and he is generally so recog¬ 
nized, even though his “judicial function” is exercised by com¬ 
mon consent rather than by legal right. 

457. The Surveyor’s Legal Rights and Responsibilities in 
Boundary Surveys. In most of the states, those persons making 
land surveys must be licensed by a state examining board. Those 
licensed surveyors will be found to have something more than 
a casual knowledge. 

There is a general legal ruling that a professional man must 
exercise that degree of care which a skilled man of his profession, 
using ordinary prudence*, would exercise under like circum¬ 
stances ; and this applies to those making boundary surveys. 
“For failure to exercise that degree of care he* would be* liable 
in damages to the extent of the injuries, to those* who emple>ye*d 
him.” 

The* surveyed will so adapt his surveying pre>ceelure and 
methods as to give the re*quire*d precision for the particular lanel 
in question, ranging from ve*ry pre*cise* work erf 1/20,000 or 
better for valuable prope*rty to we>rk erf low precision such as 
1 5000 for less valuable property. Owners are frequently 
unwilling to pay enough to se*e*ure* goeui we>rk and the engineer 
should avoid such assignments since their poe>r quality will 
re*main to plague him long after their low cost is forgotten. 

The surveyor may testify as an e»xpe*rt in nmst matters con- 
needed with his work such as stating his opinion as to whe*the*r 
a certain pile of stone* or a tree* indicates a monument, the age 
erf the monument, the meaning of certain lines em a map, mis- 
take»s on the part of a conveyances in copying field note*s and 
erfher case's where “the court applied the* ordinary rule of allow¬ 
ing parol evidence te> explain a latent ambiguity and the* sur¬ 
veyor to testify as an e*xpert, applying his professional skill and 
knowledge in giving his answer.” 

In the matter erf tre*spass while e*ngagc*d in surveying, no 
trespass occurs if the surveyor is carrying out in a reasonable 
manner an undertaking directed and authorized by the* legis¬ 
lature, and “the entry is reasonably necessary, . . . te*mpe>rary, 
. . . and accompanied by no unnecessary damage.” The right 
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of eminent domain usually carries with it the right to make sur¬ 
veys on private property. Actual damage must be paid for, and 
excessive or unnecessary damage may be enjoined. 

In the absence of such an official mission, the surveyor is a 
trespasser even though no damage is done. In some states 
statutes have been enacted recently giving the surveyor the 
right to make surveys on private property. Usually tact and 
diplomacy will secure the owner’s consent. 

The law pertaining to libelous things written or slanderous 
remarks made 1 of the surveyor in his professional capacity is 
practically the same as in other professions. “ It is not necessary 
to descend to vulgar abuses or to make specific charges of crime 
in order to expose oik* to hatred, contempt, or ridicule, or to 
injure him in his business or occupation.” If the language used 
concerning the surveyor is untruthful and tends to injure him 
in his reputation as a surveyor, it is actionable libel or slander. 

458. State Systems of Plane Coordinates. These system? 
have boon worked out for the various states of the Union by the 
United States Coast and Geodetic Survey and adopted by 
statute in several state's. The* main purpose of such state sys¬ 
tems is to provide many ]x*rmancnt and inter-connected monu¬ 
ments at frequc*nt intervals throughout the state' to which 
property surveys and other surveys may be tied by direction 
and distance in such a manner that they may fore'ver be' trace'll 
regardless of wlu'ther the* corners erf the* property itself or othe*r 
survey perints be*e*e)ino lost or obliterated. The following quota¬ 
tion * expresses rather definitely the* purpose of such state 
syste*ms. 

“The* Committee finds further that, in orde*r to provide 
proper reference marks for fixing position anei direction, a sys¬ 
tem erf survey monuments should be established, connected by 
properly controller! pree*ise surveys, and that the positions of 
these monuments, so eletormine*d, should be e*xpressed in terms 
of a coordinate system, preferably by plane rectangular co- 
ordinates. Descriptions of the monuments, together with their 

* Land Surveys and Titles, First Progress Report of the Joint Committee 
of the Real Property Division, American Bar Association, and the Surveying 
and Mapping Division, Ameiican Society of Civil Engineers, Proceedings oi 
the American Society of Civil Engineers, November 1938, page 1879. 
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coordinates, must bo recorded by some public authority and 
the record made available for public use. 

“The United States Coast and Geodetic Survey has devel¬ 
oped a plan for the establishment of such inter-related monu¬ 
ments and systems of plane coordinates for defining positions. 
TIil- plan has already been put in operation in several states and 
has wen the immediate approval of practicing land surveyors 
and title* examiners. Many thousands of monuments have been 
set and their coordinate's have* been determined. The plan is 
known as the ‘State System of Plane' Coordinates.* It has been 
thoroughly studied I> 3 T the members of the Committee, and it 
is bolio\ed to offer an adequate remedy for the deficiencies 
described. The utility of tin* plan extends to so many fieius 
other than that of land surveys and descriptions that the cost 
to the tax]>ayer for its adoption will be returned manyfold. 
If provides a basis for checking and controlling instrumental 
and aerial surveys for maps and plans required for all engineer¬ 
ing development. The time and cost of establishing special 
control for each project arc 1 thus obviated. Furthermore, all 
existing data can lx* compiled, and boundary lines can be corre¬ 
lated without field determination. . . . 

“Since an existing net of triangulation stations* extends over 
tin* entire United States, it is necessary, due to the* curvature 
of the* earth, to express the positions of the stations in terms of 
a spherical coordinate system; that is, by precise latitude* and 
longitude*. As it is unne*e*e*ssary to consider the curvature* of the 
e*arth in the reduction of most surve*y data, the* mathematics of 
this procedure* is unfamiliar to all but a fe*w specialists. It is e*le*ar 
then, in order to make* them ge*nerally usable*, that some form 
>f plane* rectangular e e>ordinate*s must also be* useel to e*xpress 
the* j>e»sitie>n e>f these stations. The* United States Coast and 
Ge*e>de*tic Survey has ele*volope*d a plane coordinate* syste»m fe>r 
e*ve*ry State*, according te> which the positions of the* triangulation 
station* may be* <*xpre*sse*d. In the* larger State's se*ve*ral zone's 
have bee*n introduced, each zone* having a se*parate* origin. 
The* zone's are* made as large* as possible* without introducing 
appreciable* differences, caused by earth curvature, between 

* The net of the T T nited States Coast and Geodetic Survey, descritied in 
§§ 101 and 424. 
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measurements on the ground and distances as expressed by the 
coordinates. The variations thus introduced are so slight that 
they cannot be discovered by ordinary survey methods. 

“It is planned that monuments will be established in con¬ 
venient locations along highways and streets, and precise 
surveys will be made connecting these monuments with tri¬ 
angulation stations. The coordinates of the monuments can 
be determined by using the plane coordinates of the triangula¬ 
tion stations. In many States this work is well under way, and 
many municipalities are extending the monument system 
throughout their streets. By this plan the position of every 
monument in the system can be determined with relation to 
that of every other monument, so that it is inconceivable that 
the position of the system should ever be lost. 

“To utilize the system a land surveyor must make a proper 
survey connection witli two monuments. He can then either 
state the plane coordinates of the property corners in Ills descrip¬ 
tion, or give the bearings and distances of two or more property 
corners from the monuments. With these data in the* descrip¬ 
tion there can be no question as to the precise position of the 
property. Its location is described accurately and permanently. 
Moreover, it is possible to determine, by examination of dcscrij)- 
tions of this kind, whether all the parcels lotted in a certain 
tract will, in fact, fit into the tract. 

“When once the title examiner has become familiar with such 
a system he can determine, without a field survey . . whether 
the requisite land exists for the title he is examining. Surveys 
are thus coordinated, and, in fact, made part of one great 
survey which is all-inclusive. 

“There are many applications of the system to engineering 
and mapping. It has proved of extreme value for tax maps and 
has been used considerably for that purpose. 

“It is desirable that each State legislature enact enabling 
laws defining the system used in the State and naming it so 
that any coordinates used can be referred to by name. A model 
act has been prepared and an example of it is attached hereto as 
an Appendix. Certain obvious changes are necessary, of course, 
to adapt the act to other States. 

“It is also desirable that a bureau of surveying and mapping 
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be established in each State to administer the coordinate sys¬ 
tem. Such a bureau should be the depository of control-survey 
data, should disseminate them to the public, and should main¬ 
tain the monuments. The bureau should be equipped to aid 
counties, municipalities, and other political subdivisions, to 
extend the monument at ion along the roads and streets. By 
proper supervision of the work and by careful checking of the 
results, the bureau would be able to include these surveys in 
the State systems. 

“The Committee recommends, therefore, that each State 
legislature enact an enabling law as described herein and 
designate by law the establishment of a bureau of surveys either 
independent of existing State Departments or as a division of 
an existing department. The necessary appropriations should 
be made at the same time to start the bureau, to be increased as 
the work of the bureau results in savings in survey costs and 
litigation.” 

Figure 455 shows a plat referenced to state coordinates and 
Figs. 121 and 424a show typical state coordinate axes. 

The State systems of plane coordinates are established, as 
described in § 421, in such a manner that no discrepancy greater 
than one part in 10,000 exists between the distance measured 
on the ground between any two points and the corresponding 
distance computed from the coordinates of the two points. 
In most localities the discrepancy is very much less than 
1 / 10 , 000 . 

Special Publication Number 235, 1945, State Coordinate 
Systems, of the United States Coast and Geodetic Survey is a 
manual in which such systems are described and procedures are 
explained and illustrated for the use of surveyors. 

459. Retracing the United States Public Land Surveys. In 

connection with the retracing of the original surveys, which is 
covered in Chapter XII, it is important for the surveyor to 
know the instructions in effect with reference to the original 
survey of the particular area with which his present survey is 
concerned. Often these were contained in letters, were not 
published, and are not easily obtained. They have been changed 
from time to time. The current instructions are contained in 
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the “Manual of Instructions for the Survey of Public Lands oi 
the United States,” 1947 (Reference 4). Many of the oldei 
instructions are available in Reference 21. 

Clark, Patton, Skelton, and Wait (References 6, 17, 20, and 
23) cover the laws of boundaries and surveying rather fully. 
Clark's book is the latest and perhaps the best single ref¬ 
erence. 

Attention is called to the pamphlet Restoration of Lost and 
Obliterated Corners and Subdivision of Sections (Reference 22). 
This is a compendium of rules applicable to, and within the 
area of, the United States Rectangular Surveys. Long accepted 
general rules are there summarized as follows: 

“First. That the boundaries of the public lands, when ap¬ 
proved and accepted, are unchangeable. 

“Second. That the original township, section, and quarter- 
section corners must stand as the true corners which they were 
intended to represent, whether in the place shown by the field 
notes or not. 

“ Third. That quarter-quarter-section corners not established 
in the original survey shall be placed on the line connecting the 
section and quarter-section corners, and midway between them, 
except on the* last half mile of section lines closing on the north 
and west boundaries of the township, or on the lines between 
fractional or irregular sections. 

“ Fourth. That the center lines of a section are to be straight, 
running from the quarter-section corner on one boundary to the 
corresponding corner on the opposite boundary. 

“Fifth. That in a fractional section where no opposite corre¬ 
sponding quarter-section corner has been or can be established, 
the center line must be run from the proper quarter-section 
corner as nearly in a cardinal direction to the meander line, 
reservation, or other boundary of such fractional section, as 
due parallelism with the section boundaries will permit. 

“Sixth. That lost or obliterated corners are to be restored to 
their original locations whenever it is possible to do so.” 

The book by Ilodgman, and Johnson and Smith’s Appendix A 
(References S and 13) are old, but no better brief treatments 
for the retracing of public land surveys have been published; 
and they are well worth reading. 
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460. Historical Incident. These* matters were under dis¬ 
cussion in 1859 when a convention of surveyors of Illinois called 
upon Abraham Lincoln, for the reason that he was a practical 
land surveyor as well as a good lawyer, and secured from him 
the following written opinion—interesting historically as well 
as because of its sound position on a then debated phase of 
boundary laws. 

“The 11th section of the Act of Congress, Approved Feb. 11, 
1805, prescribing rules for the subdivision of sections of land 
within the United States system of surveys, standing umvpealed, 
in my opinion, is binding on the respective purchasers of dif¬ 
ferent parts of the same section, and furnishes the true rule for 
surveyors in establishing lines between them. That law, being 
in force at the time that each became a purchaser, becomes a 
condition of the purchase. And by that law, I think the true 
rule for dividing into quarters, any interior section, or section 
which is not fractional, is to run straight lines through the sec¬ 
tion from the opposite quarter section corners, fixing the point 
where such straight lines cross, or intersect each other, as the 
middle, or center of the section. 

“Nearly, perhaps quite, all the original surveys are to some 
extent erroneous, and in some of the sections, quite so. In each 
of the latter, it is obvious that a more equitable mode of division 
than the above might be adopted; but as error is infinitely 
various, perhaps no bettor single rule can be prescribed. 

“At all events, I think the above has been prescribed by a 
competent authority. 

“Springfield, Jany. 6, 1859. 

A. Lincoln” 
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CHAPTER XXVIII 

CITY PLANNING SURVEYS 

461. Introduction. The tendency of government at all levels 
toward the solution of community problems by applying the* 
principles of planning has become' increasingly apparent in 
recent years. The* fact that many of these problems, especially 
those of the smaller communities, are* primarily of a physical 
nature and that, therefore, the engineer has a definite profes¬ 
sional responsibility in their solution emphasizes the need for 
m understanding of certain phases of planning technique. 

The more important fundamental problems of city planning 
deal with transportation, streets, recreational areas, public 
buildings and structures, public utilities, and land use. That 
these physical problems are related directly to the social and 
economic well-being of every individual in a community is an 
easily demonstrated fact. For example, because of the great 
increase in the use of the automobile, the traffic congestion 
problem in every modern city has become acute. Streets and 
highways are more* dangerous than battlefields as evidenced by 
the fact that# more than 32,000 persons were killed and more 
than 1,100,000 were injured in traffic accidents in 10IS. 

The automobile is also credited with the* present-day tendency 
toward decentralization of business which has resulted in the 
so-called “decay” of central business districts and a consequent 
loss of tax revenue by the city. In the older residence districts, 
decreased property values, resulting from migrations to out¬ 
lying suburban districts and lack of proper zoning regulations, 
have caused “blighted” districts. Such districts an* a definite 
economic burden upon the city and cause expenditures for city 
services such as fin*, police, and health protection far in excess 
of the tax income from those same areas. For example, it is 
said that in St. Louis city services in such districts are two and 
one-half times as much as the taxes received therefrom, and 
cause an annual deficit of five million dollars. In Indianapolis 
also, the results of a survey conducted by the Chamber of Com- 

r>47 



648 


CITY PLANNING SURVEYS [Ch. XXVII l 


merce indicated that two districts of the city inhabited by bir 
10 per cent of the population required an expenditure of 26 pei 
cent of the amount devoted to the whole city for social services 

The tendency toward a shorter work-week which results in 
mor^ leisure time for workmen is another economic and social 
problem. This forces recognition of the need for more recrea¬ 
tional areas in or near the city. 

The engineer must play his part in this movement. In most 
states, the city engineer is, by law, a member of his local plan 
commission and as such he should utilize this opportunity to 
discharge his responsibility as a citizen and as an engineer. 

It must be remembered that the Plan Commission serves as 
an advisory body to the administrative officers. On request or 
on their own initiative the commissioners study conditions, 
formulate policies, draw plans, and prepare programs. The 
citizens of the community through their elected and appointed 
officers either accept or reject the plans, adopt the policies, and 
adhere to the programs. 

462. Planning Agencies. The first American city plan com¬ 
mission was organized at Hartford, Connecticut, in 1907. For 
the following fifteen years the movement was not very rapid but 
since 1920 many cities have* adopted the principle until at the 
present time more than one thousand city plan commissions 
have been formed. In addition to these, five hundred counties, 
forty-seven states, and many regions such as New England 
and the Pacific Northwest are also engaged in planning activi¬ 
ties, placing special emphasis on those problems which are of 
county-wide, state-wide, or regional importance and at the same 
time are attempting to correlate the plans of the smaller 
governmental units within their boundaries. 

From 1933 to 1943 a National Resources Planning Board 
served as the Federal Planning agencj'. Although organized pri¬ 
marily to study planning problems affecting the nation as a whole, 
the Board served also as a coordinator of the work of the State 
Planning Commissions. Since 1943 these State Boards have 
continued their studies of those problems which are of state-wide 
importance and have served as advisors to local planning boards 
in counties, cities and towns. 
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In general, planning studies made for the smaller units such 
as cities and towns emphasize the physical conditions surround¬ 
ing the problem while those for regions, states, and nation con¬ 
sider also the social and economic aspects. 

463. The Civic Survey. One of the first steps taken in a com¬ 
munity planning or replanning study is a complete inventory 
of the physical conditions which exist in that community. Be¬ 
cause of its daily contacts with the physical city the engineering 
depart meat serves as the supervising agent for this inventory. 
The head of that department is the planning engineer and as 
such lie must prepare maps and collect data which will enable 
the other members of the commission to understand the facts 
concerning tin* civic structure. This is particularly true in small 
cities. In larger communities, the planning function may be 
delegated either to a planning staff employed by the planning 
commission or to planning engineers assigned to the city engi¬ 
neering department. 

Many of the surveys are applicable only to planning studies 
while others involve the general principles and practices of 
plane and topographic surveying, the results of which are of 
value to all departments of the* city government in addition to 
their special use as base maps for planning. 

A survey of physical conditions for a city planning study 
should result in the following: 

A map of the city, reliably accurate 1 in its alignment of streets, 
alleys, transportation lines, etc. and also ill its arrangement of 
property lines. 

A land-use map upon which the present use of each lot in the 
city is indicated by color or conventional sign. 

A traffic flow map, which shows the volume of traffic flowing 
through the streets of the city. 

Detail maps of particularly important places in the city such 
as hazardous, complicated street intersections or railway cross¬ 
ings at grade. 

464. City Maps. Most city maps, especially those of the 
smaller and average-size cities, are definitely not to be relied 
upon for accuracy. Many of these have been developed from 
an accumulation of miscellaneous surveys and records of vary- 
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ing degrees of accuracy, and have been made by different indi¬ 
viduals. Some of these individuals were well qualified while 
others had little appreciation of appropriate surveying and 
mapping technique. 

As a consequence, mistakes in mapping and errors in record¬ 
ing made by one city engineer and accepted without checking 
by others have resulted in the existing unsatisfactory and 
unreliable maps. The only remedy for this condition is an 
accurate resurvey followed by competent calculations and 
mapping. Such a solution involves additional hems in the 
budget request of the city engineering department and it may 
be difficult to convince the members of a city council budget 
committee that the expenditure is justified. 

An excellent argument in support of this additional activity 
on the part of the city engineer is presented in “Technical 
Procedure for City Surveys,” a manual published by the 4 Sur¬ 
veying and Mapping Division of the American Society of Civil 
Engineers in 1934. The following is a quotation from that 
manual: 

“The City Survey is an inventory of the physical facts relating 
to the land and its occupation. Its use is essential in operating 
existing facilities and in planning extensions thereto, as condi¬ 
tions of growth and progress may require. It is usually initiated 
either as a necessary basis for some particular improvement 
project, such as large extensions to sewerage' and water systems, 
or as the first step in a broad planning program. Since it is of 
permanent value it is properly a capital expense, frequently 
financed with bond funds set up for the* creation of permanent 
improvements. Whether financed by this method or by appro¬ 
priations from general revenue, the expense is not great when 
considered in relation to the benefits derived. The cost of the 
entire City Survey (except that of the Property Survey, which 
necessarily varies widely) usually ranges from 0.1 per cent to 
0.2 per cent of the aggregate cost of providing the area with 
water, sewers, and passable roads. This comparative estimate 
takes no account of the value of the land itself or of the many 
other public and private improvements and structures that will 
be built upon it. 

“In any consideration of costs it should be emphasized that 
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the City Survey is only a part of the city’s engineering expense. 
and that even total engineering costs are never, in themselves, 
significant. Planning upon paper is infinitely preferable to 
building on a basis of information so scanty that the structure 
will not satisfy the need for which it was designed. Such building 
is, in fact, experimental, for the structure that does not fulfill its 
purpose* will ultimately Ik* replaced by one that does. What 
counts is the* total building cost and the gain or loss in public 
welfare that results from the success or failure of the project. 
Money saved in engineering, or planning, is frequently lost, 
many times over, in ill-advised construction. 

“While* the value e>f a broael City Survey is obvious to the 
e*ngine*e*r, lay commissioners anel disbursing authorities fre*- 
quently are* ne>t sufficiently informed as to its benefits. Fe>r this 
reason it is goesl pe>lie*y, in some* instance's, to start the* survey in 
a small way. With a relatively small appropriation semie defi¬ 
nite*, visible* accomplishment can be made', pre*fe*rably in an are*a 
whe*re* infe>rmatie>n is vitally anel imme*diate*ly needed. Afte*r 
this, the* common se*nse* worth e>f the* investment becomes 
spe*e*elily apparent te> all ce)ne*<*rne*el.” 

465. The Survey. As in all surveys for maps which de*line*ate 
many physical features, the* elt'tailed city survey is best scheduled 
as follows: 

Horizontal e^ontrol by triangulatie>n and trave*rse*, 

Ve*r(ie*al e*e>ntre>l by le*ve*ling, anel 

Tope)graphie* eletails by aerial photography, by plane table, 
or by transit-staelia. 

The manual issuc*d by the American Se)e*ie*ty of Civil Engi- 
ne*ers re*ce)mme*nels that control fe>r the survey be of first order 
ace*uraey; that the* map se*ale* be 200 fe*e*t to the inch ; that plane 
table* traverse* closures shall not oxeroel 1 in 500; that plane 
table le*ve*l closure's shall not exce»e*el one-femrth the contour 
inte*rval; that map ele*vatiems obtained by stadia shall be* corre*e*t 
te> within eme*-half the e*e)ntour interval; and that the* e*rror in 
the ple>tte*el ]K>sition of any point shall not excevd 0.01 inch. 

In the 92 e*itie*s with populations e)f more than 100,000 (se*e* 
Table 465), property values, availability of qualified personnel, 
anel availability of funds for the purchase of the necessary 
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precision equipment justify the accuracy suggested in the 
manual. 


TABLE 465 NUMBER OF CITIES IN THE 
UNITED STATES BY SIZE GROUPS 


Popi I AT ION 

(i HO IT I* 

NlTMBfcK 

2,500 to 

10,000 

2387 

10,000 to 

25,000 

665 

25,000 to 

100,000 

320 

100,000 to 

250,000 

55 

250,000 to 

500,000 

23 

500,000 to 

1,000,000 

9 

1,000,000 and over 

5 


Total 

3464 


In the other 3372 smaller cities, however, reliance must be 
placed upon ordinary field equipment and upon engineers with 
little or no training in precise surveying. Under these conditions, 
traverse control of second or even third order accuracy can be 
employed to advantage if the necessary precautionary measures 
are taken in the field. Second order accuracy is discussed in 
Chapter XX. For third order accuracy: 

All equipment must tie in good condition. Transits and levels 
must be in good adjustment, and particular emphasis must 
be placed upon making the vertical axis truly vertical at every 
set-up of the transit. 

Direct horizontal measurements must be made with a stand¬ 
ardized tape and plumb-bobs and these measurements must be 
collected for the average temperature. 

Values of all angles must be determined by double-sighting 
with the least count of the vernier as the maximum allowable 
variation between one-half the doubled angle and a single 
value of the same angle. 

Latitude and departure computations of closed traverses 
must yield errors ot closure of not more t han 1 in 5000. 

Vertical control differential levels must be run in circuits and 
close with errors not greatei than db 0.05 ft. n 7 A/, where .1/ is 
the length of the circuit m miles. Careful work in the field will 
yield =fc 0.04 ft. VM or even ~k 0.035 ft. VM but such results 
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are obtainable only if the level is in excellent adjustment, the rod 
is plumb, solid turning points are used, tin bubble is in the center 
when the rod reading is taken, and the backsight and foresight 
distances are balanced between successive' bench marks. 

466. Topographic Details. After the control system has been 
established, calculated and plotted, the map details may be 
filled in by any method as outlined in Chapter XXIII. The 
plane table or stadia method, or a combination of both, seeing 
to be preferred by most engineers. 

Map accuracy recommendations listed in § 4(>f> should be 
complied with even if only ordinary field equipment is available*. 
Field maps plotted on mounted paper so as to eliminate distor¬ 
tion, careful plotting of points, and accurate determin.itions ot 
stadia constants will help materially in meeting these* require¬ 
ments. Every opportunity should be* taken to check important 
distances, angles, directions, and elevations. 

467. Planning Surveys and Maps. Map and survey data 
vary somewhat with the type of planning study. As mentioned 
in § Hid, an essential requirement for the general preliminary 
study of a community is the* best map procurable*. It should be* 
drawn to a scale of from 200 to 1000 feet to the inch and with a 
contour interval of 2, 5, or 10 foot, expending upon the* rouglme'ss 
erf the are'a, the scale erf the map, and the* ne*e*d for information 
on relative elevations. Ae*eomp.mie*d by an ae*nal map 1 to the 
same scale, this topographic map is the* foundation upon winch 
the mauler plan erf the community is const rued e*d. That plan 
is drawn only after a careful analysis of the* pre*sent and probable 
future physical conditions. Economic and social facts and 
tendencies must also be considered, especially when the* attempt 
is made to pmlict tut lire trends. The master plan is a eompre- 
hensive, coordinates! long-range plan for the* future envelop¬ 
ment erf the community. It shows, m a general way, the* future 
community; the pattern of streets, and the relative importance 
of different streets; the approximate subdivision of vacant land 
into blocks; an approximitc zoning scheme; and the general 
legation of park, playground, and school sites. Such a plan 
serves as a guide to the commission for the adoption from time 

* See § 221 
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to time of individual planning projects, all of which must fit 
into the general or master plan. 

Detailed project plans for street and sewer construction, 
traffic studios, subdivisions, zoning studies, and the like are 
best made to scales of from 20 to 200 feet to the inch. Such 
plans involve much more detail than those' made' for the pre¬ 
liminary planning study. They are more easily understood by 
the commissioners if aerial photographs to the same scale 1 are* 
made* available. 

468. Traffic Surveys. Of the many perplexing problems of 
the* modern e*ity which challenge 1 the ability of the engineer, 
relief e>f traffic congestion and elimination e>f traffic hazards are 1 
of major importance 1 . The 1 operation erf 30 million automobile's 
ove*r American streets anel highways, many of whie*h are in- 
e*apacitat<‘el by width, grade 1 , and alignment for thear preipe'r 
traffic fune*tion, cmite's ne>t emly a loe*al planning proble'in but 
alse> erne erf state, regional, anel nation-wiele 1 imperi ane*e. 

The analysis of this problem must be 1 basc'd upem special 
surveys anel inventigatiems. Such surveys should incluele 1 a 
ernsus erf the 1 traffic flowing thremgh the 1 streets, accompanied 
by information as te> the 1 charaerfer of that traffia* anel, in e # eriain 
case's, its origin and de'stinatiem. Population distribution elata 
with particular reference to autemiobile ownership are 1 also 
needed. 

In addition te> the stuely of the moving vehicle, data must be 
se'cuml ('oncerning the parked vehicle; tlie prewnt wielths, 
grade's, alignme'nts, anel surface's of streets; and the re'gulateiry 
methods in erffevt at the time of the survey. A ree*orel erf ae*e*ide'iit 
fae*ts is also nee'de'd in order to determine the more hazardous 
locations in the city. 

The 1 average weekday conditions and average weather should 
prevail during the 1 collection of these traffic facts. Traffic condi¬ 
tions are subject to constant change and resurveys are needed 
at least annually. 

Fe>r the planning engineer, traffic police, and planning com- 
missioners traffic surveys make possible the selc'ctiem of major 
and secondary traffic thoroughfares, the determination of neces¬ 
sary street widenings, the location of short, new, connecting links 
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H Existing Industrial Districts 
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in the present street system, the selection of by-pass routes for 
through traffic, and the recognition and elimination of hazards 
and obstructions to free-flowing traffic. 

469. The Traffic Census. A preliminary study of traffic flow 
in any community reveals by observation those streets which 
are used intensively. Having determined these, census takers 
supplied with some form of tally sheet are stationed at each of 
these important street intersections in the down-town district 
and at each traffic inlet to the' central city. Thus on the day 
selected as representing average conditions, a cordon count of 
traffic in and out can bo made and during the same time the 
traffic movements can be surveyed by those stationed at the 
important down-town street intersections. 

Location. Date... 



Noil Tins form provides for quartei-houi counts The form may 
be modified to meet other requuements such as half-hour counts or mtei- 
section studies 

Fir. 469 Tmi-Fir CYnsus T\lly Sheet 

The tally sheet should provide space for the name of the 
census taker and his location. Then, in tabulated form, a tally 
space for each 15-minute or 30-minute interval of time between 










Courtesy of Indiana Work* Progress Administration 
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6 a.m. and 6 p.m. must bo provided. The character of the traffic 
and its direction may be recorded by providing separate space.** 
for trucks, passenger cars, taxicabs, street cars, busses, and 
possibly horse 1 drawn vehicles. The latter item is important 
only if such traffic is of sufficient volume to warrant its inclusion 
in the survey. Figure* 469 suggests a convenient form of traffic 
tally sheet. Figure* 469a is a typie*al traffie*-fle>w map resulting 
frean a 12-hour census e>f moving traffic, the band widths being 
plotte*d to a ele*fmite* traffic density scale*. 

CONDITION DIAGRAM 










t 471] 


ZONING SURVEYS 


661 


470. Intersection Studies. At important street intersections, 
both volume and movements of traffic are such that several 
observers (usually four) are needed. If each obser\ er is supplied 
with a tally sheet such as Fig. 469, modified by providing three 
instead of two tally spaces for each type of vehicle*, he can record 
the light-turn, left-turn, and straight ahead movements for each 
traffic unit. Figures 470, 470a, and 470b are typical results of 
an intersection study. 
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Fig. 470a. Intersection Study. 


471. Zoning Surveys. A necessary preliminary step in the 
development of a zoning plan and ordinance 1 for a city is a survey 
of the use and intensity of use* of every lot. 

The survey party, equipped with a 50-foot metallic tape, 
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colored pencils, and a city map (preferably to a scale of 200 feet 
to the inch) inspects each separate lot and indicates the present 
use on the map in appropriate colors. The type of structure is 


Traffic Flo tv Diagram 
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Fig. 470b. Intersection Study. 

shown by conventional symbol* or abbreviation, and in certain 
necessary key places, the set-back distances from the front 
property line to the structure and from the side lines to the 
structure are measured and recorded on the map. 

When colors* symbolize use, many zoning plans and surveys 
have adopted the following: 

Black to indicate industrial use 

Green to indicate parks, playgrounds, wooded areas 

Red to indicate business use 

♦See Reference Number 12, “Mapping for Planning,” 1948. 
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Yellow to indicate residential use 

White to indicate open land. 

The darker shades of each color represent more intense use as, 
for example, black for heavy industry and light gray for light 
industry. 

SjTnbols indicating type of use are being standardized.* 
Simplicity is essential in the adoption of such symbols and in 
many cases rubber stamps can be used to advantage. The fol¬ 
lowing suggested symbols might serve as the basis for use survey 
field parties: 

□ single-family dwelling 
1 2T * 1 two-story, brick, single-family dwelling 
| 2 | f | two-story, frame, two-family dwelling 

O business or commercial building 

(§) two-story, brick, business use, occupied also as a single 
family dwelling 

A industrial building 

Simple combination of letters, numerals, and forms of symbols 
such as these are easily made and easily interpreted. A more 
elaborate and detailed set of symbols is given in a bulletin pub¬ 
lished by the National Resources Committee in June 1938. 

Data from the field maps are transferred to the office map 
which is then used to establish the boundaries of the various 
use, height, and area districts for zoning purposes. This zoning 
map becomes a part of the ordinance which designates the 
appropriate use and intensity of use of each lot in the city. 
Maximum heights of structures are also fixed by districts. The 
public benefit of this exercise of police power is so apparent that 
zoning of cities has become the rule rather than the exception. 
Many counties are also zoned for different kinds of agricultural 
land uses or are in the process of being so zoned. 

472. Land Subdivision. The subdivision of vacant land into 
sites for buildings by establishing street and lot lines is one of 
the most important responsibilities of the planning engineer. 
The old idea of sweating the land by squeezing as many 
lots as possible out of acreage property is fortunately no longer 

* See Reference Number 12, “Mapping for Planning,” 1948. 
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recognized as good practice. Subdivision standards established 
by lending agencies, platting guides adopted by planning boards, 
and the realization of both engineer and realtor of their social 
and economic responsibilities to the future welfare of their 
community have all contributed to a decided change in theory 
and practice of land subdivision. 



Courttsv of Ftdt ral Housing Administration 

Fig 472. A Well-Plvnned Subdivision’. 

473. Subdivision Standards. Passage of the National Hous¬ 
ing Act which resulted in the establishment of the Federal 
Housing Administration has produced a large 4 volume of private 
dwelling house construction during the last few years. In 
order to safeguard mortgage loans made on this improved real 
estate, F.H.A. has found it necessary to establish certain mini¬ 
mum requirements for subdivisions “submitted as suitable 
sites for homes financed under the Federal Housing Administra¬ 
tion’s Insured Mortgage Program.” * These following eight 
basic requirements should be applied to all plans for subdivision* 

* Subdivision Standards , Circular No. j, Fedeial Housing Administration, 
August 13, 193S 
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even if completely developed by private eapital because ad¬ 
herence to these principles will result in economically and 
socially sound additions to the civic structure: 

“1. There shall be convincing evidence of a healthy and 
continuing demand for homes of the type contemplated in the 
location proposed and at the prices asked. This requirement 
is of first importance and is based on the general experience that 
untimely subdivision development docs not succeed. It results 
in haphazard city growth, blighted areas, and serious financial 
loss to home 4 buyers, mortgage* lenders, and land developers. 

“2. The subdivision site shall be plainly suitable for the 
type of residential development contemplated. It shah have 
no serious hazards such as smoke*, fog, noxious odors, nuisance 
industries, possibility of subsidence, or the probability of floods. 
It shall not lx* unattractive to the average, reasonable prospec¬ 
tive resident on account of the existence of any hazard or any 
other objectionable 1 feature. 

“3. The subdivision shall be accessible by highway or by 
public transportation at reasonable cost and with reasonable 
expenditure of time to places of employment, schools, and 
shopping centers. 

“4. Public and private utilities and street improvements, 
appropriate and necessary to tin* neighborhood shall bo pro¬ 
vided. The extent of the utilities and the method of construc¬ 
tion and installation shall conform to all applicable laws, ordi¬ 
nances, and regulations. 

‘‘a. There must be definite assurance of an adequate supply 
of pure water at reasonable rates. 

“b. There shall be means of disposing of domestic sewage in 
a sanitary and unobjectionable* manner which fully meets the 
approval of the local and state health authorities. 

“ c. Streets must be graded and surfaced in such manner as to 
provide safe* and convenient access to all dwellings at all times. 

“5. The subdivision shall comply with the provisions of 
existing zoning and subdivision regulations and shall be pro¬ 
tected by appropriat * and recorded restrictive covenants. 

“a. Carefully compiled zoning regulations are effective, if 
properly enforced, because* they not only control the subject 
subdivision but also the surrounding area. 
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“b. Subdivision regulations present an effective means of 
regulating matters not covered by zoning regulations. 

“c. Well-drawn and properly recorded restrictive covenants 
aid in establishing the character of the neighborhood and in 
establishing and maintaining value levels through control of 
the use of land, the type 4 and location of the structures, occu¬ 
pancy, and many other factors.” 

These deed restrictions should include definite statements 
as to the specific uses of n\\ areas shown on the subdivision 
plans; the minimum cost of each proposed building; regula¬ 
tions concerning the placement of buildings on the lots; pro¬ 
hibition of resubdivision of lots into smaller parcels; prohibition 
of more than one dwelling house on each lot; establishment of 
a property owners’ committee to pass on the architectural 
design of each proposed building; prohibition of undesirable 
uses such as stables, pig pens, temporary dwellings, and outside 
toilets; and provision for legal enforcement of deed restrictions 
by property owners. 

“6. Whenever the subdivision, or any part of it, falls within 
the jurisdiction of a city, county or regional plan, or of sub¬ 
division or platting regulations, or state laws, the design and 
development shall comply with such plans, regulations, and 
laws. 

“7. The subdivision must be suitable for the site and appro¬ 
priate for the use intended. 

“8. The debt for which the subdivision is security, whether 
mortgages, taxes, or assessments, shall be reasonable in amount. 
Where there are delinquent taxes or other encumbrances a 
program shall be set up which will provide funds for regular 
debt payments in amounts sufficient to amortize the debt in a 
reasonable period of time.” 

Success in modern subdivision planning for both realtor and 
engineer depends upon adherence to these basic minimum 
requirements. Standards higher than the minimum are very 
desirable and definitely possible in many communities. Better 
standards result in a higher level of community improvement 
at no appreciable loss to the realtor. In fact, better subdivision 
practices might conceivably result in quicker sales and in the 
end greater profit to the realtor. 
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474. Platting Guides. Rules for the guidance of planning 
engineers and realtors are adopted by planning boards in order 
that plans submitted to them for approval may fit into the 
master plan and also in order that uniform practices in the 
making of subdivision surveys and maps may be established. 

The Land Subdivision Manual published in 1939 by the 
American Society of Civil Engineers suggests “rules and regula¬ 
tions for land subdivision” for adoption by planning boards. 
Many details of these rules art' not applicable* to a city of aver¬ 
age size but the general principles are* sound and must be 
included in any platting guide. 

It is suggested that the following outline be used in writing 
specifications for the guidance of subdividers: 

1. General requirements 

A. Topographic information, if needed 

B. Adherence to Master Plan 

a. Widths and arrangements of streets 

b. Adequate easements for utilities 

c. Recreation ureas, school sites, etc. where needed 

d. Zoning 

e. Public utility extensions 
C\ Lots 

a. Side lines, perpendicular or radial 

b. Minimum width and depth 

2. Surveys 

A. Permanent monuments, kind and location 

B. Ties to existing monuments 

C. Legal descriptions 

D. Datum plane information 

E. Allowable errors of closure, traverse and levels 

3. Preliminary map 

A. On tracing cloth or paper, with prints 

B. Scale, 100 feet to the inch, or less 

C. Data on map 

a. Street and lot lines, scaled dimensions 

b. Title under which subdivision is to be recorded 

c. Name of property owner 

d. Scale, date, and surveyor’s name 

e. North point 

f. Names of adjacent property owners 

g. Proposed street names 

h. Topographic information 

i. Utility information, proposed easements, present sewers, water 
lines 
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4. Final Map (record map) 

A. On tracing cloth, india ink, with prints 

B. All details including distances, angles, and bearings, as in 3, above 
after field measurements have been made 

C. Location and description of monuments and easements 

D. Curve data (intersection angle, degree, P. C. station, P. T. station) 

E. llegistered surveyor’s certificate with signature notarized 

F. Owner’s certificate of dedication of traffic ways to public use, with 
signature notarized 

G. Certificate of approval by plan commission and of any other 
official bodies 

II. Private restrictions, which may be lettered on the tracing or 
recorded separately. These must have approval of the plan 
commission. 

475. Subdivision Design. In delineating the layout of streets 
and lots in a new subdivision, the engineer must be ever con¬ 
scious of the fact that he is arranging a part of the future street 
pattern of the community. If his design is proper for that area, 
minimum costs of street, sewer, water, and other public improve¬ 
ments result. In addition, the traffic which will flow through 
the streets will do so with least hazard and difficulty. The 
engineer's obligations to his client and to the purchasers of 
home sites arc 1 also fulfilled in that his client realizes a reasonable 
profit from his business venture while the home owners find 
themselves situated in a desirable 1 neighborhood and blessed 
with an investment of permanent value 1 . 

In order to achieve distinction as a designer of land subdivi¬ 
sions, the engineer must adhere to the standards as outlined in 
§ 473 and comply with platting rules and regulations such as 
are suggested in § 474. In addition, an appreciation of and 
conformity to other principles of design details will result 
in better planned neighborhoods. Some of the more 1 important 
of these 1 principles arc 1 : 

1. Alignment of streets should fit the topography 

2. Dead-end streets are to be avoided. When topographic 
conditions make 1 their use necessary, such streets should end 
in a turn-around, the radius of which should be not loss than 
30 feet 

3. Compound and reversed curves are to be avoided in 
street alignment. Tangents should connect curve's of the same 
or contrary flexure 
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4. Long blocks, up to 1200 foot, arc acceptable if the length 
is in the direction of heavy traffic flow 

5. Minor streets should intersect major streets at right 
angles, or nearly so 


N A o' 



Courlt sj/ of Ftdt ml Housing Administration 


Fig. 475. Good \\d Poor Design. 

6. Side linos of lots should intersect street linos at about 
90° or along the radii of curves 

7. Acute angles at lot corners should be avoided 

8. Long lots are generally wasteful. For average conditions, 
lot depths of 120 or 130 feet are best. Depths greater than 
150 feet are undesirable except for estate property developments 
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9. Lot widths should be such as to admit of from 10 to 2r 
feet minimum distance between buildings. 50, 60, or 75 feet 
are adequate widths of lots designed for the average home. 
Corner lots should be at least 10 feet wider than interior lots 

10. Lots should be planned to face desirable views such as 
parks, school grounds, and the like 

11. Tree growth on the site should be preserved if at all 
possible, but not at the expense of the proper development of 
the neighborhood as a whole, or if the preservation introduces 
traffic hazards 

12. If not established by the platting guide or master plaK 
widths of streets should be determined by the traffic volume 
each is expected to carry. Eighty feet is generally accepted 
as the minimum width for a major traffic thoroughfare and 
sixty feet as the width for streets of secondary importance. 
The minimum width of local or minor residential streets should 
be fifty feet. 

PROBLEMS 

1. Prepare a traffic census form, modified as suggested j u § 470 q | 11S 
should be prepared for a 12 -hour count. Using this form, make a traffic 
survey at a street intersection in your community. From the results of the 
census, plot the traffic-flow map at that intersection. See Fig. 470b. 

2 . Prepare a set of symbols to be used 111 making a zoning survey foi 
your community using the suggested symbols given in §471 as the basis. 

3. Equipped with a city map (or portion thereof) and the symbols 
prepared in problem 2 , make a use survey of a section of your city. Study 
the results of the survey carefully and determine if each lot is being used 
properly. Suggest proper use zoning. 

4 . Using Fig. 404, design subdivision plans for the blocks as shown, 
reserving the park area for public use. This is a suburban area. 

(a) All lots to be occupied by single family dwellings costing about 
$5000 each. Zoning regulations require a minimum of 5000 square feet 
of lot per family. 

(b) All lots to he occupied by single family dwellings costing about 
$20,000 each. Zoning regulations require a minimum of 10,000 square 
feet of lot per family. 

(e) Vacate Muensterman Ave. and the 40-foot north-south street and 
redesign (a) and (b). 

(d) Assume that the zoning ordinance permits apartment buildings along 
the 00 -foot avenue at the northwest and also permits business uses at the 
corner of Young Street and the 00-foot avenue. Redesign (a), (b), and (e). 

5. Prepare a platting guide for your community based on the suggested 
outline given in § 474. 
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CHAPTER XXIX 

UNDERGROUND SURVEYS 

476. Introduction. Underground surveys are made for 
mining, tunneling, and other sub-surface work. They are quite 
similar to surface surveys but are more difficult to execute 4 
because* of unfavorable* working conditions underground sue*h 
as pe>e)r light, smoky atmosphere, and cramped and we*t sur¬ 
roundings; because* the* “inclusive checks” e>f closed traverse's 
and closed le*vel circuits se*lele>m are* ])e>ssible; because* instru- 
!m*ntal and procedural re*(iuircme»nts are* mem* exacting; and 
because* inte*rfe*re*ne*e* with routine e>pe*ratie>ns must be* minimized. 

Underground surveying is a elifficult specialty. If mue*h e>f it 
is te> be* done, the references at the* end of the* chapter should 
be consulted. It is he>pe*d that the* tre*atme*nt in this cha])te*r will 
suffice* ibr o(*easionaI ease's. Spe*cial or e*xte*nsiv r e* surve*ys e*an be 
made* mem* e*e*e>ne>mie*ally and perhaps more* pre*e*ise*ly by following 
specialized pre>e*e*elure*s such as are* give*n in the* references. 

It is ii(*cc'ssary fe>r the* unelerground surveyor te> ap]m*ciate* 
that accuracy is essential, since* an inae*e*urate* survey is worse 
than usc*le*ss and may involve* loss of life as we*ll as legal and 
financial difficultie*s. 

477. Definitions. A few e>f the terms that are* more* com¬ 
monly ene , ountere*d and not elsew’he*re defined are* 

Adit. An ai>pre)ximatc*ly horizontal underground passage¬ 
way for drainage* or ventilation. The* word tunned is mem* 
fre*ejue*ntly use*el at pre*sent. 

Back (e>r roof). The* to]) e>f a ])assage*way. 

Borc~holc. A hole*, somctimc*s of gre*at depth, drilled feir 
(*xj)le)ratie)ii or to facilitate* eiperations. 

Collar. Timbers or ce)iie*re*te* arenmd the te>]) of a shaft. 

Connection. A passageway driven fremi one part of under- 
gremnd workings to ane>ther. 

y Dip. The angle* at which be*ds e>r strata are inclined fre>m the) 
horizontal. The dip is always measured at right angle's to the 
strike. 
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Heading . A preliminary passageway driven for exploration 
or as an aid to future work. 

v - Levels. Horizontal passageways at different elevations. 

\ Outcrop. The portion of the vein or stratum exposed at the 
surface 1 of the 1 ground. 

v Raise. An opening like a shaft made in the back of a level 
to reach a level above 1 

Spad. The small nail or hook in the roof which marks a survey 
station and from which a plumb-bob may be hung. 

Slope. An excavation from which ore has been extracted 
either above or below a lewd. 

Strike. A horizontal line on a vein or stratum, or the bearing 
of such a line 1 . 

Tunnel. A relatively horizontal passageway open at both 
ends. 

478. Differences from Surface Surveying. While in general 
the methexls of underground anel surface surveying are similar, 
certain difference's will be pointed out in this chapter anel tlie'ir 
usefulne'ss will be evident to interested readers. It is irequently 
I possible to use surfae*e methods underground, but the work is 
facilitated by special equipment and procedure. 

J Most surface surveying is run as ele>sed traverses and close'd 
level circuits which give assurance of the accuracy of the work. 
Such cle)sure\s are rarely possible underground and resort to 
other more laborious methoels of assuring accuracy is necessary. 
Usually this consists of repeated and independent measure¬ 
ments and caleulatiems. Computation of the coordinate peti¬ 
tions of points is essential in most underground surveying. 
Elevations are 1 sometimes obtained by slope or vertical taping 
rather than with the engineers’ level. 

479. Transits and Levels. Since this work involves short 
sights, the transit and level (preferably of the dumpy type) 
should be of low magnifying power and wide field of vision. 
They should be as nearly moisture-proof and dust-proof as 
possible. A split-leg tripod with legs which are adjustable in 
length so as to facilitate instrumental set-up in awkward loca¬ 
tions must be provided. In steep shafts and other particularly 
difficult set-up situations, special procedures or apparatus may 
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Countsy of < L Uergtr arut Sons 

Fig. 479. Mining Transit vuth Striding Level ani> Side Telescope. 

be necessary. In Fig. 496, the* transit may be used with plates 
inclined if the third leg is weighted or otherwise attached 
to hold it down. A bracket which may be screwed or bolted 
to a timber provides a tripod head on the opposite end. 
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Because the transit is frequently set up under the plumb-bob, 
as in Fig. 479a, it is necessary that the position of the vertical 
axis be plainly marked on the top of the telescope. The transit 
should be quite free of dust and moisture after use and tissue 
paper or soft cloth should bo provided for cleaning during use. 
Due to varying temperature conditions, the eyepiece and the 
vernier may fog up and the instrument must then be allowed 
to reach the surrounding temperature before it can be used. 
The lenses must not be touched in such a way as to scratch 
them, to dull their polish, or to leave oil on them. Platinum 
crosswires are preferable to spider-hairs because they are not 
subject to distortion from moisture. 

480. Special Requirements in Transit Adjustments. Since 
underground surveys involve short sights and consequently 
a large number of instrumental set-ups, and since precision 
is usually necessary, the transit must be kept in the best possible 
adjustment and a survey procedure must bo used which will 
eliminate most of the residual errors of adjustment. No unusual 
attention is needed for the engineers’ level. 

Sensitive plate bubbles are necessary on the transit in order 
to make the vertical axis truly vertical, since unless this is 
accomplished no instrumental procedure or manipulation will 
eliminate certain residual errors of adjustment. Should the 
plate bubbles be broken or insensitive*, the vertical axis may 
be made vertical with the telescope bubble* by leveling tl*e 
transit approximately, centering the tolese*ope bubble, reversing 
the transit 180° in azimuth, and bringing the telescope* bubble 
halfway back to the center with the footscrews. The* procedure 
is repeated over the other set of footscrews. The telescope 
bubble may then be centered with the* tangent screw, and it 
should remain centere*d throughout a complete revolution 
around the vertical axis. This is the* more pmise method since 
the telescope bubble is more sensitive* than the plate bubbles, 
and the added precision is particularly necessary where no 
striding level, Fig. 479, is provided. 

The vertical axis may be* made precisely vertical with a strid¬ 
ing level mounted on the horizontal axis, using a procedure 
similar to that just described for the telescope bubble. 
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While it is desirable that the plate bubbles be kept in adjust¬ 
ment, it is to be noted that this is not essential. If out of adjust¬ 
ment, they will not be in the eenter when the vertical axis i^ 
vertical; rather they will remain exactly the same distance off 
center throughout a complete revolution of the telescope 1 
around the vertical axis. 

It is desirable 4 that the horizontal axis of the transit be truly 
horizontal and at right angles to the line' of sight so that the 
instrument will generate* a vertical plane when the telescope is 
revolved e>n the horizontal axis. 

Because* berth close and distant sights are numerous in under¬ 
ground surveys, the e)bjectivc slide*, or the internal focusing 
slide, should be in good adjustment. 

481. Using the Transit. It is customary to measure horizontal 
angles as angles to the rights such angle's being turned clockwise* 
from the* bae*k sight and having value's anywhere from 0° to 
360°. These angle's are doubled, once with the telese*ope normal 
(bubble underneath) and once with the telescope inverte*el 
(bubble on top). Half of the doubled angle should not differ 
from the first value by more than the least count of the vernier, 
which is usually e'ithe*r eme minute or one-half minute. 

In the ran* cast* of eccentricity in the centers or verniers of 
the transit, both verniers must be read to eliminate it. This is 
a desirable precaution on all important angles. 

Where vortical angles are important in underground work, 
they should be read once with the telescope normal and once 
with the telescope inverted, the mean value being used. Usu¬ 
ally they are read at the same time that the horizontal angles 
are being doubled. The vertieal axis must be vertical. If the two 
values are not identical, then the same differences in angles 
should exist for all pairs of vertical angles since the difference 
measures the lack of adjustment of the instrument. 

This instrumental procedure of measuring both horizontal 
and vertical angles with the telescope normal (bubble under¬ 
neath) and again with the telescope inverted (bubble on top) 
also minimizes opportunity for undetected movement of the 
transit and of mistakes in reading or manipulations, since by 
comparison of the first and second values of these angles it is 
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possible to detect such movements or mistakes. It may at 
times be advisable to double the horizontal angle and to measure 
the vertical angle twice with the telescope noirial, and to repeat 
the entire process with telescope inverted. 

As an alternative method of measuring vertical angles when 
traversing, either with the regular telescope or with the side 
telescope, and again assuming that the vertical axis is kept 
vertical, it is only necessary to measure a single vertical angle 
forward from each station and another angle Ivickward from 
the next station, with the telescope normal (or inverted) in both 
measurements. The mean of the two computed differences in 
elevation gives a very close approximation to the true \alue, 
regardless of adjustment errors, as in Fig. 481. 



Fin. 481. Difference in Elevation with Transit. 


In all transit work, it must lx* reiterated that the vertical axis 
must be made truly vertical, otherwise no doubling, reversing, 
or other instrumental procedure will eliminate all errors of 
adjustment. Certain of these errors are eliminated when a 
striding level bubble (Fig. 479) is centered on top of the hori¬ 
zontal axis in both normal and reversed positions. 

In order that the transit man need not shift his position 
about the transit and to avoid disturbing the transit, it is best 
to read the horizontal angle first, and then to rotate the transit 
horizontally with the lower motion and read the vertical angle. 
This is followed by the second set of readings. With mining 
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transits where the vertical circle can be read at the eyepiece end 
of the telescope (edge graduations) this procedure is unnecessary. 


482. Using the Side Telescope. There are several ways in 
which the auxiliary top or side telescope, Fig. 479, may be used 



Fio. 482. Out-of-Adjustment Use of the Side Telescope in Measur¬ 
ing a Horizontal Angle. 


and those are described in the references at the end of the 
chapter. Only the most common and generally useful procedure 
is given here, namely, the “out of adjustment use” with the 
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side telescope. If used as shown on Fig. 482, and provided that 
the vertical axis of the transit has been made truly vertical, 
then half of the doubled horizontal angle and the mean of the 
two vertical angles will be true values regardless of imi)crfoct 
adjustment, and regardless of the eccentric position of the 
side telescope.* 

483. Other Equipment. A 5-foot to 8-foot steel pocket tape' 
is quite useful for measuring the many short distances, offsets, 
heights of instruments, and heights of stations. 

For setting most traverse stations and for fairly precise work, 
a steel tape 200 feet long and $ inch wide, graduated th” >ughout 
to hundredths of a foot, is desirable. It should inclu le a tape* 
reel with a folding handle since the tape is only unreeled as used 
and is carried on the reel rather than dragged as is customary 
in surface work. It is usually necessary only to unreel a part 
of the tape length. The tape should be dried, cleaned, and 
oiled before it is put away. 

Six-ounce, eight-ounce, and ten-ounce transit plumb-bobs 
are used, and more are needed than for surface work. 

The transit reading glass should bo mounted in a non-inflam¬ 
mable (metal) frame to prevent its ignition from open-flame 
lamps. 

The small Brunt on compass (§ 42) is used for rough surveys of 
unmapped mines and for other surveys where' an error of several 
degrees in direction is pormissable. It is fre*quently necessary 
to take forward and backward readings from a point and then 
to compute' the included angle*, so as te> eliminate local attraction 
of the needle. 

484. Illuminating Instruments and Points. Open-flame 
carbide lamps or flashlights may be used accoreling to preference 
for illuminating the cross-wires, the points sighted, and the 
verniers. 

It is frequently necessary to shine a light down the barrel 
of the telescope from a position in front and to one side of 
the objective lens so that the cross-wires may be seen. Mining 

* Pairs of vertical angles should show the same angular discrepancy. Pairs of 
horizontal angles will show angular disciepancies varying with the distance 
from the transit (Fig. 482), and a table may be prepared showing this variation. 
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transits have* a special reflector shade to place over the objective 
for facilitating this procedure. Lacking such a shade, a piece 
of white paper may be wrapped around the objective or held in 
place inside of the sunshade so as to form a continuation of the 1 
telescope. The* light is then reflected into the telescope from 
the inside of this white 1 paper cylinder. Rarely, transits are 
equipped with a battery and with a light bulb inside the tele¬ 
scope. 

For sighting at a point, a plumb-bob backed by white paper 
may Ik* illuminated by shining a light onto it from the front 
but care* must be* taken that the shadow of the plumb-bob 
string is not mistaken for the string. A plummet lamp may be* 
suspended by a cord from the roof station and sights may be* 
taken on the* wick. Freqiu ntly a light is held behind the plumb- 
bob with a piece of transparent paper or tracing cloth between 
the light and the plumb-bob. 

Level rods arc* similar to those used in surface work but 
shorter. The light may be* directed onto the face* of the rod from 
the* front, or a horizontal slit may be cut in the* target behind 
which a light may be held. 

485. Traversing. Underground traverses are usually run 
with doubled angles to the right (clockwise from the back sight) 
and with slope taping as in Fig. 485. The* tape may, of course, 
be held level where this is feasible. In slope taping, the rear 
end of the tape is usually held at one end of the horizontal axis 
of the transit and the front end of the tape is either held directly 
on the forward station, at a fixed distance* above a floor station, 
or at some point definitely marked on the plumb-bob string 
which is suspended from a station in the roof. The top of the 
plumb-bob itself is usually satisfactory for such a sight. The 
slope distance's multiplied by the sine and cosine of the vertical 
angle* give the vertical and horizontal distances respectively. 
Some engineers prefer to make these computations with traverse 
table's or with computing machines similar to the manner in 
which latitude's and departures are computed. With careful 
work, a precision of the order of 1/10,000 is possible by this 
method without using spring balances or temperature cor¬ 
rections except in unusual cases. 
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486. Curves. The alignment for a curve i.s determined by 
the deflection angle* method as in Fig. 486, using chords as long 
as are possible* or convenient. A series of spads is set in the 
roof from which the foreman suspends plumb-bobs, and then 
sights are taken to successive points around the curve* as the 
heading is extended. The* chords arc* usually much shorter than 
in surface work and on sharp curves may be* only a few feet in 
length. For less important curve's, the* chord offset method as 
described in Rubey’s Route Surveys, page* 73, might be* used. 

487. Marking Stations. Stations usually consist of a wooden 
peg about 1 inch in diameter driven into a hole in the roof, into 
which a small hook or spad is driven and from which a pluml>- 
bob may be suspended. Flattened and notched horsc'shoe nails 
make good spads, or specially made ones may be purchased. 
Copper spads are used if mine watc*r is acid. Stations seldom can 
be maintained in the floor because of traffic. The roof stations 
are also useful to the foreman who can suspend plumb-bobs 
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from them at the proper elevations so that he can mark the 
alignment and elevation needed at the face of the heading 
by sighting along the top of the plumb-bobs, as in Fig. 487. 

Stations should be marked with copper or brass tags held in 
place by the spads. The station number is stamped into the 
tag before it is placed in position. White painted crosses or 
arrows are helpful but are seldom permanent. 

Along the lines of tunnels or other underground workings 
such as those for railways, highways, aqueducts, and so on, 
the regular 100-foot surface taping is continued underground 
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and, emerging at the far end, is continued on the surface. 
A typical station might be 212 + 43.84. 

In mines with many passageways, the system of numbering 
stations is apt to become' involved and confusing unless care¬ 
fully planned from the beginning. It is customary and desirable 
to number the stations according to the level of the working. 
For example, the first station from the shaft on the' second 
le've'l be'le>w the' collar would be 201, and the fifth statiem of the 
fourth leve'l would be 405. 


im aaai (tf&mentotuA 

. ( 


1 

Foreman sights across fops of' 
plumb bobs to center of heading 











Fig. 487. C\uh\ing Station Alignment into Headings. 


It is sometimes aelvisable to have one' st'rie's e>f numbe'rs for 
all stations on a certain le've'l north of the shaft and to place 
N be'fore the statiem numbers, as N201, N405; and a similarly 
prefixe'd S before stations south of the' shaft. Separate syste'ins 
of numbering are usually best for crosscuts and subordinate 1 
workings. 

Unde'r certain circumstane*e's, stations are numbered as they 
are se't, beginning with 100, re*garelle*ss of the location. This 
necessitates reference to a map and to the earel inde*x of §489 
before the station can be ielcntified. This simple method has its 
disadvantages but is used extensively in large mines. 

488. Notes and Calculations. Because of their complexity, 
it is especially desirable to have permanent printed forms on 
which to record survey data. Although many engineers prefer 
bound field notebooks, loose leaf field note sheets are frequently 
used in wet mines and only exposed a minimum time on a clip¬ 
board. They should be numbered serially to avoid loss or mis¬ 
placement. Many engineers prefer to use the ruling of level 
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notebooks for transit notes because of the advantageous co- 
lumnar ruling. 

Level notes are similar to those ordinarily used on the surface 
except that where the rod is held inverted on a roof station, an 
algebraic minus sign precedes the backsights and an algebraic 
plus sign precedes the foresights. Roof elevations are taken on 
the bottom of the wooden plug, not on the spad, since the spad 
is often knocked out. 

Suggested forms for field transit notes and for office records 
follow. 

489. Field and Office Forms. Much difference of opinion 
exists as to the exact forms to use, but those of Fig. 489 come 
as near to an acceptable standard as is possible. 

490. Maps. Accurate maps of underground workings are 
more essential than surface maps since many things which are 
evident on the surface are entirely concealed underground. 
Because of great variety, it is impracticable to show examples 
in this limited treatment. 

Due to varying strikes and dips of veins and because workings 
overlap one another in the map or plan view, it is necessary to 
use care and judgment in showing those plans and sections 
wdiich will convey the maximum of clear information. In 
mining it is usual to prepare many plans, such, for example, as 

1. Surface maps 

a. Showing property and claim boundaries on a scale such as 
1 inch = 400 feet 

b. Showing improvements such as buildings, shafts, tram- 
ways, pipe lines, roads, railroads, and so on, on a scale such as 
1 inch = 40 feet 

c. Showing topography with scales such as 1 inch = 100 feel, 
or 1 inch = 40 feet for more important territories. Contour 
intervals are ordinarily 5 feet 

d. Showing surface geology, and similar to c 

e. A general progress map for the general affairs on a smad 
scale such as 1 inch = 400 feet or smaller 

2. Underground maps 

a. Showing workings on a scale such as 1 inch = 40 feet, and 
perhaps another one on a smaller scale of 1 inch = 100 feet 
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Suggested Form for Transit Notes 

Engineer 

Card No. Location. Helper.. 


u 

H 

G 

XL 

X 

i 

’A 

t 

Hok. Angle 

Slope 

Distance 

\ Ell 

Ancle 

II.I. 

H.S. 

Sta. to 
Floor 

H EMAKKS 


1 

2 

a 

131° 2<i' 

«:».41 

f 1°3U 

- 2.13 

+ 2.70 

7.8 






2(i2° .VU Doubled Angle 









131° 2(3' 30" 





I 

i 


Note. Last 3 columns (H.I., H.S., and Sta. to Floor) may be omitted 
if elevations are obtained from a separate level survey. 


Suggested Form for Ledger (the Offic e Rec ord) 

Survey of.. Field Rook No.Page 


Computation Rook No. Page 

Entered by. 



Suggested Form for Systematizing Station Numbers 
(the Card Index) 


Station 

Number 

Location 

TooHDINATEH 

Elev. 

Ledger Reference 

North 

East 

976.42 

Book No. 

Page No. 

20 

170 

4th level east 

728.19 

1247.29 

1143.17 j 

1 

177 

5th level west 

816.24 

413.29 

1 

20 




i 





Fig. 489. 
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b. Showing underground geology, on a scale as in 2a 

e. Showing assay sampling, on a scale as in 2a 

d. Showing ventilation, to scale as in 2a 

e. Stope maps showing workings on a somewhat larger scale, 
perhaps 1 inch = 20 feet. 

It is frequently necessary to show different levels in different 
colors or to show them on different maps. Dates are often 
marked on the various workings. It is convenient to super¬ 
impose certain plans, and such plans are drawn on tracing cloth 
so that one or two may be seen through the plan which is on top. 

Mine maps are plotted by coordinates with the coordinate 
lines an inch or a few inches apart so that the distance between 
them scales some even figure such as 100 feet, 500 feet, or 1000 
feet. They should be lightly inked in red or orange, perhaps 
with some emphasis on the fifth or tenth lines. 

491. Sections. Sections are usually drawn to the same scale 
as a map although the vertical scale may be exaggerated if 
necessary. 

Longitudinal sections may be any vertical section along the 
general direction of the workings; along a cardinal direction 
of N, E, S, or W ; or it may be a section lying in the plane of the 
vein, when it is known as a “plan on the vein.” 

Transverse sections are usually plotted at right angles to 
the longitudinal sections. 

In plotting the sections, a datum level is chosen and drawn 
on transparent paper, usually below the lowest workings, and 
this line or some parallel line is placed along the line of the 
section on the map. Light vertical parallel lines are drawn 
through each object to be represented and the object is shown 
on the vertical line at its proper elevation. Surface elevations 
may be read from contours, and other elevations may be 
obtained from the surveys. All workings, geological formations, 
coordinate lines, and other objects of interest are shown. 

492. Mine Models. A great variety of models has been 
prepared showing underground workings and they are available 
in museums and mine offices. While not strictly a matter of 
surveying, they are prepared from survey data and usually 
by the mine survey corps. 
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493. Stope and Tunnel Surveys. Stope surveys are needed to 
determine outlines of workings, compute tonnage, and facilitate 
operations. They may be made from a transit set-up which 
has been established by traversing, or with the Brunton compass. 
The horizontal angles and slope distances are measured to points 
defining the stope. A scale of 1 inch = 20 feet is most frequently 
used in plotting. 

If timbering of regular spacing is used, the stopes may bo 
plotted simply by counting the sets, with little instrumental 
work. 

Where a constant tunnel cross-section is needed, such as an 
accurately aligned tunnel for railways, highways, and aque¬ 
ducts, the alignment is run underground with 100-fooi stations 
in the same manner as on the surfa<e and cross-sections of the 
tunnel are taken every 100 feet, or less, to assure accurate 
alignment, to control the tunnel lining, and to measure the 
amount of excavated material. Frequently two cross-sections 
for excavation are specified as described in Rubey’s Route 
Surveys , page 176. One is the inner cross-section beyond which 
no rock shall extend into the tunnel, and the other the outer 
cross-section beyond which no payment will be made to the 
contractor for work done. 

In such work, the cross-sections at right angles to the center- 
line may be determined by vertical transit angles and distances 
taped from the horizontal axis of the transit, by large specially 
devised frame protractors and tape, or by full-sized templates 
of proper dimensions which are set up at each cross-section to 
check the conformity of the excavation. 

494. Tunnel Portals. Special surveys are necessary at tunnel 
portals, especially where ornamental treatment is desired or 
where hydraulic transition is needed from an open canal section 
to the tunnel section. These arc' conveniently made after the 
tunnel is driven with the transit set-up on a center-line station 
just outside the portal. Sights arc' taken on the rock or earth 
surface around the portals so as to plot a contour map, having 
a scale of between 1 inch = 10 feet and 1 inch = 40 feet, on 
which the designer can fit his construction to the contours. 
Each sight consists of a horizontal angle, a vertical angle, and 
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a steel taped distance from the horizontal axis of the transit. 
Stadia measurements are not desirable because of the steeply 
inclined sights. 

TRANSFERRING A MERIDIAN UNDERGROUND 

Because of limited working space and because of the expert 
skill necessary, this is one of the most exacting requirements 
of underground work. In small workings or where precise 
location is unimportant, no great difficulty arises, but frequently 
extensive^ and important workings must be carried thousands 
of feet and oven miles from the shaft. The methods used for 
tunnels, inclined shafts, and vertical shafts, follow. 

495. Tunnels. Tunnels are surveyed by methods similar to 
those' used on the surface but with the greater precision of 
r<*pe*ate*d angle's and very careful taping, since errors are more 
serious. The* 30-se*cond transit is usually adequate although 
10-second transits are* used on important work. Because tunnels 
are* usually close to a horizontal position, slope taping is often 
unnecessary. Where considerable precision is needed, the 
surface surveys are frequently accomplished by accurate tri- 
angulatiem rather than by traverse, and the underground 
traversing is executed and checked with painstaking care. 
The* tunnel references at the e*nd erf the chapter should be 
consulted regarding these procedures. 

In extreme* case's, tunnels have been driven from both ends 
for distance's as great as thirteen miles with an error of only a 
fe*w inches in alignment when the headings me*t. 

Tunnels are* usually carried horizontally underground at both 
portals so that the following shaft procedures are frequently 
unne*ce*ssary in tunneling, except that vertical shafts may be 
sunk at intermediate points of long tunnels. 

496. Inclined Openings. When the* inclination of the work¬ 
ings is le*ss than about 60° (or not steeper than the particular 
transit will permit), ordinary traversing methods are used, with 
special care regarding manipulations and adjustments. For 
sights inclined steeply upward, a prismatic eyepiece must be 
attached to the telescope. 
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Where no auxiliary telescope is available, the horizontal 
plates may sometimes be tipped as shown in Fig. 496 by weight¬ 
ing down the tripod leg. The horizontal axis must be horizon¬ 
tal, and the transit double sighted. 



Fig. 496. Pse of Transit on Steep Slopes When No Side Telesc ope 
or Wires for Plumbing Are Avvuable. 

For steeper slopes, it is desirable to use the side telescope, 
using doubled horizontal angles and twice-measured vertical 
angles as described in § 482. Half of the doubled horizontal 
angle, or the mean of the twice-measured vertical angles, 
then gives the true value even though the eccentric side telescope 
is used in sighting, as was evident from Fig. 482. All errors 
of adjustment, except the vertically of the vertical axis, are 
eliminated by this procedure. 

Other less generally satisfactory methods for the side or top 
telescope are described in the references. Figure 496a shows a 
method of carrying alignments through steeply inclined slopes 
by means of a string or wire and plumb-bobs. The precision 
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of this method is not as good as that in which the alignment is 
determined with a transit. 



497. Plumbing Vertical Shafts. Fine piano win*, or electri¬ 
cian’s banding wire, with 10-pound to 40-pound plumb-bobs are 
suspended from the top of the shaft. Reels must be provided 
upon which the wire may be wound. A No. 24 piano wire will 
safely support a 50-pound bob. Lighter bobs may be used for 
less exacting work, as, for example, No. 3 music win* with a 
25-pound bob. Care should be taken not to snap the wire when 
it is under tension since it is somewhat dangerous. Falling water 
j and air currents with velocities over 100 feet per minute affect 
\ the plumb wires and should be eliminated so far as possible, 
and vertical plumbings of over a few hundred feet should be 
avoided. The plumb-bobs are submerged in water or oil to 
minimize swinging, and the container may be provided with 
a top to avoid disturbance by falling water. Electric conduits 
in shaft walls sometimes produce magnetic effects which may 
be eliminated by use of brass or bronze wire. 

Since frequently the plumb-bob will not come to rest immedi¬ 
ately, and since the wire acts with an oscillating motion rather 
than as a simple pendulum, it may be necessary to establish 
the position by several trials. The mean position of the ware 
is then taken on scales set at right angles behind the wire. 
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Special devices are sometimes used for centering the wires at 
the surface. 


498. One-Shaft Methods. In this very generally used 
method, the transit is moved sidewise by trial (“wiggled in” 
or “jiggled in”) in line with two wires as shown in Fig. 498. 
This is known as coplaning . In order to cheek the accuracy 
of plumbing, the distance between the two wires, both at the 
top and at the bottom of the shaft, is accurately measured to 
thousandths of a foot and alignment results are not considered 
satisfactory unless the measurements check within a couple of 
hundredths of a foot of one another, or closer where considerable 
precision is necessary. 


60' or more 


Angle turned/ 
to right '-"'f 

i 





|\ '"-Transit "wiggled 9 or jiggled" 

\ into hne 

s' 

s' ' 

^ Minimum focusing distance — more, 

if possible, 

^-Should check with distance 
between wires at surface 
Fig. 498. Coplaning. 


The transit is coplaned with the telescope normal and the 
angle from the wires to the foresight repeated as needed. This 
procedure is duplicated with the telescope reversed, without 
changing the position of the transit. The transit must be in 
good adjustment. Staley (Reference 17) describes a proce¬ 
dure* which eliminates most adjustment errors, but it is 
somewhat troublesome and frequently unnecessary. 

* The transit is coplaned with the telescope normal, and the horizontal angle 
is turned to the foresight with as many repetitions as necessary. The position 
under the transit of the bottom of the plumb-l>ob point is carefully marked on 
a smooth lead block some 4" X 4" X 2" laid on the floor, or otherwise. The 
transit is again coplaned with the telescope inverted (bubble up), the angle iB 
again turned and repeated as often as necessary, and the position of the instru¬ 
ment plumb-bob point is marked on the lead block. The mean horizontal angle 
is the correct one, and the backsight from the next set-up is taken on the mean 
of the marks on the lead block. 
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In order to secure maximum precision of alignment, it b 
of course desirable to secure the maximum possible distance 
between the wires and adequate length of foresight and back¬ 
sight from the transit, through exercise of ingenuity in placing 
the wires and selecting the transit set-ups. 

It is convenient to place a paper on the near wire to distinguish 
it. The far wire is made visible by moving the near wire, by 
inserting links in the near win*, or by setting up the transit 
just far enough from the near wire to focus on it — then the 
near win* will disappear when focusing on the far wire. 

While coplaning is the common one-shaft method, several 
others are used, though rarely, under different conditions of 
clearance 1 and available* space. Of these* the Weisbach method 
is perhaps prefe*rre*d. It is described by Staley (Reference 17) 
and e)the*rs. 

499. Two-Shaft Method. Where* precision is re*quired, the 
best results are obtaine*d by hanging a single wire in each of two 
shafts which an* conne*cte*d by traverses on the* surface and 
jnderground, as in Fig. 499. Be>th traverses, surface and under- 
grounel, should Ik* checked by independent traverses using 
diffe*re*nt stations.* In first calculating the underground 
trave*rse, the first be*aring is assumed. The me*an calculated 
length and be*aring of the closing line*s between wire's of both 
surface* and underground traverse's are computed. The* hori¬ 
zontal distance's between the twe> wire's as calculated by the 
surface traverse and the* first underground traverse should, of 
course 1 , equal e>ne ane>the*r within the re*quire*d precision of the 
work. The* assumed bearings of the* first underground trave*rse 
are then corrected to correspond with the true be*aring betwe*e*n 
the wires. A second true underground traverse and coordinates 
are computed after underground bearings have been corrected. 

It is entirely satisfactory if the wires at the surface are con¬ 
nected by direct measurement or by triangulation rather than 
traverse. 

The underground traverses of Fig. 499a will illustrate the 

* This is desirable as insurance* against errors. It is essential where the closing 
error of either traverse approaches a right angle relation to the closing line, 
since the equality of calculated lengths of the closing lines above and below 
ground would not disclose fairly large errors of bearings. 
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method that was explained above. Referring to Fig. 499, A 
and B are wires in two vertical shafts. From surface survey, 
the true bearing from .4 to B is found to be X 85° 10' E and the 
distance is 342.79 feet. 



Fiu. 499. Undeimiboitnd Tk\veh.--.es in the Two-Shaft Method. 


OTHER UNDERGROUND SURVEYS 

500. Transferring Elevations Down a Shaft. Elevations are 
taped down a vertical shaft from a point established on the 
collar and may be taped directly to the lower end if the vertical 
distance is less than the tape length. 

For longer vertical distances, the taping may be conducted 
along one of the guides for the cage or skip. The positions of 
the ends of the tape are marked with nails. In precise work, 
corrections must be made for temperature and for variation 
from the vertical. In applying the tension correction formula, 
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FIRST UNDERGROUND TRAVERSE 

Bearing from A to Station 1 is assutned as South 
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SECOND UNDERGROUND TRAVERSE, CORRECTED 


Correction Angle — 85° 10' — 79° 56' — 5° 14' clockwise 
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Fits. 499a 


one-half of the weight of the tape is to be added to the tension 
applied at the lower end. 

It is frequently possible and convenient to set permanent 
intermediate bench marks at the various mine levels. Elevations 
are carried to and away from the shafts by ordinary methods. 

501. Bore-hole Surveying. This is a specialized type of 
surveying requiring sjieoial equipment which is used to deter¬ 
mine the direction taken by a l>ore-hole as it departs from the 
vertical. Unless the organization drills a good many holes 
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exceeding several hundred feet in depth, it will pay to hire the 
equipment and perhaps the personnel for making and surveying 
the bore-holes. If extensive work of this nature is contemplated 
it will be necessary for the engineer in charge to lamiliarize 
himself with the references at the end of this chapter and such 
other literature and experience as he may be able to secure. 


502. Underground Connections. The method of setting 
stations to control the direction of an underground connection 
is illustrated in Fig. 502 and explained in the following example. 



Example. A raise is to be driven from Station 350 on the 
300 level to Station 252 on the 200 level. The center-line of 
raise is to extend from a point 5 feet below Station 350 to 
Station 252. 

Coordinates of Station 350 are: North 791.20 East 841.15; 
and its elevation is 1272.11 

Coordinates of Station 252 are: North 845.35 East 843.20; 
and its elevation is 1357.41 

The bearing of the line from Station 349 to Station 350 is 
N87°15'E 

To find the bearing of the center-line of the raise (five feet 
below Station 350 to Station 252) 

Difference in North coordinates = 54.15 
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Difference in East coordinates = 2.05 

Cot bearing = = 26.4146 

2.05 

Bearing of raise N 2° 10' E 

Horizontal angle to bo turned at 350, backsighting 341), 
is 94° 55' _ 

Horizontal distance from 350 to 252 is V2.05 2 + 54.15- - 
54.18 

To find the slope of the raise 

Elevation of center-line under Station 350 is 1272.11 - 
5.00 = 1267.11 

Elevation of Station 252 = 1357.41 

Difference in elevation = 90.30 Horizontal distance = 54.IS 

Tan slojx* = = 1.66667 Slope = 59° 02' 

54.18 

In order to locate the raise, the transit is set up at Station 
350, baeksighted at Station 349, and turned through a hori¬ 
zontal angle of 94° 55' to the right. 

Locate temporary point a several feet from transit. Obtain 
the elevation of this point and compute the length of plumb 
line to intersect the center-line of tin 1 raise. 

By sighting across the plumb line 5 feet below Station 350 
and the one suspended from point a , the raise can be started. 
It is probable' that Station 350 and point a will be blown out by 
blasting. In that ease, Station 350 must bo relocated. As soon 
as the raise has advanced a short distance, points b and c 
should be located and the lengths of plumb lines to be hung 
from those stations determined. Other points may be put in 
further up the raise if necessary. 

503. Geophysical Exploration. The engineer is familiar with 
the usual drilling, boring, sounding, and testing procedure* 
for sub-surface formations and these are well covered in books 
on foundations, in Legget’s Geology and Engineering (Reference 
14), and elsewhere. He is not so familiar with the subject 
covered in this section. 

Current literature of this rapidly developing technique is 
available in the Engineering Index and the Industrial Arts Index 
under the head of Geophysics or Geophysical Exploration. 
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This literature rovers mining, oil, ground water, geologieal. 
military, and other exploratory uses; deteimination on the 
surface of the ground of the location of underground construction 
such as pipe lines; aids to the civil engineer in construction 
work such as classification of excavation materials, geological 
exploration for dams; and the like. 

The best summary available of such exploratory methods for 
tlx* civil engineer is hero extracted from an article by C. G. 
Stipe and Shorwin F. Kelly in Civil Engineering , American 
Society of Civil Engineers, April 1937, pages 264-2 CkS inclusive. 
The complete article is sufficiently detailed to ('liable the 
engineer to decide* whether he should secure this specialized 
service. 

“Nearly every civil engineer is frequently confronted with 
the task of determining tin* location and nature of subsoil 
formations. He usually finds it necessary to drill, although 
this involves considerable expense, and may oven require more 
time than is available*. If the desired information can be ob¬ 
tained by geophysical methods, both time and money will be 
saved. When* local geological conditions favor geophysical 
methods, the drilling may lx* confined to checking the crucial 
geophysical determinations, and to obtaining samples; con¬ 
versely, the geophysical methods may lx* used to complete the* 
picture between widely spaced drill holes. 

“Although geophysical methods for predicting the position 
and nature* of subsurface formations are not entirely new in 
America, their application to the service of civil engineers is 
rather recent — a matter of less than ten years. In the* interim 
development has gone on apace so that now, although it is still 
young, this field of exploration is well established and used 
in a variety of construction work These methods relate to tin* 
location of rock surfaces for dam, tunnel, harbor, and highway 
construction; the determination of water-bearing strata, includ¬ 
ing something of the potability of the water; the prediction 
of soundness in rock formations; and even the location of sand 
and gravel deposits. Test pits or borings have cheeked the 
accuracy of the findings in many instances. These methods are 
convenient, owing to the lightness and mobility of the appa¬ 
ratus ; also they are rapid and hence economical because they 
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are carried out on the surface. These advantages must commend 
them to the consideration of civil engineers. 

“Differentiations of geological structure by geophysical 
means can be achieved on.y where the formations being studied 
show distinctive differences in certain physical properties. The 
choice of geophysical method will therefore depend on which 
properties shown by the formations present sufficiently great 
variations, as in magnetic permeability, density, electrical 
resistivity, and elasticity. In certain methods, the geophysicist 
depends on observations of fields of force natural to the earth 
itself, and therefore beyond his control to modify. These are 
the magnetic and gravitational methods. In the former, he 
uses modified compasses for measuring distortions in the earth’s 
magnetic field — distortions caused by the varying magnetic 
permeabilities of underlying rock formations. In the gravita¬ 
tional methods, extremely sensitive torsion balances indicate 
variations in gravitational pull, the result of differing densities 
of the rocks in the earth’s crust. 

“The second main category of methods provides the geo¬ 
physicist with fields of force which he can control at will, and 
thus suit the scale of operations to the problem in hand. These 
include seismic and electrical methods. These techniques, 
especially the electrical ones, have' thus far proved the most 
useful in civil engineering work. 

“From the foregoing it is abundantly evident that the geo¬ 
physicist can render important aid to the civil engineer in many 
types of construction work. At the present time, the role of 
geophysics has been principally in the field of dam construction, 
highway building, and water supply. There are probably other 
fields, however, to which geophysical methods could be adapted, 
either by using present techniques, or by developing new 
procedures applicable to hitherto untried problems. 

“It is hoped that civil engineers will consider the possibilities 
of utilizing the geophysicist and his methods in new problems 
where it is essential to study the location and character of sub¬ 
soil formations.” 

504. Location of Underground Utilities. A pamphlet of this 
title issued by the American Society of Civil Engineers (Refer- 
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ence 1) covers this subject which is so important in cities. The 
most recent and comprehensive work of tins nature is that of 
the Cleveland, Ohio, Regional Survey, Underground Division, 
and publications (Reference 5) of their methods and results 
may be expected from time to time. It should be indexed in 
the Engineering Index, and perhaps the Industrial Arts Index . 

505. Mineral Land Surveys. Since this is a specialty, largely 
under governmental direction, in which only a very limited 
number of engineers participate and because of its highly 
specialized requirements in detail, no attempt will be made 
to treat this subject. Reference to the Manual of the Survey of 
the Public Lands of the United States, and to Underhills Mineral 
Land Surveying may be sufficient. 

PROBLEMS 

1. Work problem 9 on page 311. 

2. (a) A vein has a strike of S 45° E and a dip of 15° to the Southwest. 

A tunnel lying in the vein is to he driven on a + 3' { grade. What is its 
bearing? Hint. Work out the trigonometrical relations on a scale drawing 
as in descriptive geometry. Am. S 51° 26' E 

(b) The same as (a) except for a + 2% grade. 

(c) The same as (a) except for a -f 4% grade. 

(d) The same as (a) except for a — 5% grade. 

(e) The same as (a) except for a — 6% grade. 

(f) The same as (a) except for a — 7% grade. 

3. (a) A coal vein having a strike of S 43° E and a dip of 15° to the 
Southwest outcrops for several miles along a side hill, hut is only exposed 
at points a mile or more apart. A tnrverse is to he run as a property boundary 
along the outcrop and along where the vein produced would outcrop 
through the overburden. Fill out an abbreviated table giving the vertical 
angles corresponding to the five given bearings, along which the traverse 
must be run to follow the vein between outcrop points. Hint. Work out 
the trigonometrical relations on a scale drawing as in descriptive geometry. 
The answer to 3(a) is in italics. 


Beaiuno 

\ krtkal Angle 

North 

+ 10° 44' 

A r 46° E 

+ 15° 

East 

4- W 

S 5 0 E ( strikf ) 

0° 

South 

- io° 4 y 
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(b) The same as (a) except for a strike of N 13° E and dip of 10° S. 

(c) The same as (a) except for a strike of X 18° W and dip of 20° S. 

(d) The same as (a) except for a strike of N 79° W and dip of 25° S. 

(e) The same as (a) except for a strike of S 86° W and dip of 30° S. 

(f) The same as (a) except for a strike of S 5° W and dip of 35° S. 


4 . From one of the following sets of transit field data taken with a side 
telescope, compute the true horizontal and vertical angles as in § 482. 


-! 

flOKIZONTAL AnOLU READINGS 

Vkhtical Angle Headings | 

1 

First (bubble down) 

Second (bubble up) 

First (bubble down) 

Second (bubble up) 

(a) 165° 13' 

166° 43' 

- 16° 41' 

- 16° 49' 

(b) 175° 29' 

176° 42' 

- 13° 17' 

- 13° 25' 

(c) 179° 14' 

180° 24' 

- 0° 29' 

- 0° 37' 

(d) 183° 47' 

185°16' 

+ 1° 47' 

4 1° 39' 

(e) 186° 54' 

187° 03' 

4- 2° 18' 

+ 2° 10' 

(f) 188° 34' 

189° 33' 

+ 15° 54' 

+ 15° 46' 


Ans. (a) 165° 58'and - 16° 'hV 


5. (a) Tliree elevations on a vein at A, B, and C are located as follows: 



('oordinatkm 





Elevations 


N 

K 

A 

0' 

0' 

700' 

B 

1000' 

2000 ' 

500' 

C 

600' 

3000' 

1000' 


Find the strike and dip of the vein graphically. Precise values are not 
required in this problem but may be computed laboriously by trigonometry 
from the drawing. Hint. Use u descriptive geometry drawing to scale, 
with top, front, and profile (showing the vein as a line) views. 

Am. Strike N 71° E, dip 37° 

(b) The same as (a) except that the elevations are 800', 400', and 900'. 

(c) The same as (a) except that the elevations are 900', 300', and 800'. 

(d) The same as (a) except that the elevations are 1000', 200', and 700'. 

(e) The same as (a) except that the elevations are 1100', 100', and 000'. 

(f) The same as (a) except that the elevations are 1200', O', and 500'. 

6. (a) Using the data and the descriptive geometry drawing of problem 5, 
scale the coordinates and elevation of a point E on the vein from which 
to connect by the shortest shaft with a point D on the surface whose 
coordinates are N 1200', E 1300'; and whose elevation is 1500'. Precise 
values are not required in this problem but may be computed laboriously 
by trigonometry from the drawing. 

Ans. N 600', E 1500', Elevation 650' 
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(b) The same as (a) except I) has an elevation of 1600'. 

(c) The same as (a) except 1) nas an elevation of 1700'. 

(d) The same as (a) except I) has an elevation of 1800'. 

(e) The same as (a) except I) has an elevation of 1900'. 

(f) The same as (a) except 1) has an elevation of 2000'. 

Not as practical problems but to indicate the necessity op 

CAREFUL MANIPULATION AND ADJUSTMENT OF THE TRANSIT, ANSWER 
QUESTIONS 7, 8, AND 9. 

7. (a) If the vertical axis is not vertical by 5 minutes in the plane in 
which a vertical angle is being measured, what is the angular error remain¬ 
ing alter taking the mean of the vertical angles measured w ith the telescope 
normal and revenged? 

(b) The same as (a) except not vertical by 4 minutes. 

(c) The same as (a) except not vortical by 3 minutes. 

(d) The same as (a) except not vertical by 2 minutes. 

(e) The same as (a) except not vertical by 1 minute. 

(f) The same as (a) except not vertical by 0 minutes. 

8. (a) If the horizontal axis is not horizontal by 5 minutes, what error 

(in decimal of a foot) exists in dropping a point 200 feet vertically with 
♦he transit, through a vertical angle from +60° to 0°, without reversing 
the transit? Ana. 0.29 foot 

(b) The same as (a) except not horizontal by 4 minutes. 

(e) The same as (a) except not horizontal by 3 minutes. 

(d) The same as (a) except not horizontal by 2 minutes. 

(e) The same as (a) except not horizontal by 1 minute. 

(f) The same as (a) except not horizontal by 6 minutes. 

9. (a) If the line of sight makes an angle of 89° 55' with the horizontal 

axi?>, what error (in decimal of a foot) exists in dropping a point 400 feet 
(slope distance) from the transit through a vertical angle from +60° to 0°, 
without reversing the transit? Am. 0.29 foot 

(b) The same as (a) except an angle of 89° 56'. 

(c) The same as (a) except an angle of 89° 57'. 

(d) The same as (a) except an angle of 89° 58'. 

(e) The same as (a) except an angle of 89° 59'. 

(f) The same as (a) except an angle of 89° 54'. 
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CHAPTER XXX 


CONSTRUCTION SURVEYS 

506. General. Construction surveys and supervision cost 
several per rent of the total construction budget, and are pro¬ 
portionately important. Such surveys follow those needed for 
location and design, and immediately precede or accompany 
actual construction on the ground. Rather complete maps and 
occasionally aerial photographs art' available at this stage of 
most projects, showing contours where necessary— to smaller 
scab's for general planning purposes and for acquit ing real 
estate, and to larger scales for the limited areas where actual 
construction is undertaken. Scales of 1 inch = 40 feet, 1 inch = 
200 foot, and 1 inch = 400 feet are convenient for mai>s, since 
in those cast's both engineers’ and architects’ scales may be used. 

Many maps, profiles, and sectional views are prepared cover¬ 
ing various features of construction. It is noteworthy that most 
projects extending over a considerable area are laid out on a 
coordinate system. Ackerman and Stubbs (References 1 and 
8) show many photographs, plans, and sections which indicate 
the surveying activities of the construction engineer. 

507. Other Engineering Associated with Construction Sur¬ 
veys. Those engineers who set construction stakes also usually 
inspect and supervise construction, and Chapters XII, XIII, 
XIV, and XV in Rubey’s Route Surveys , Macmillan, 1940, are 
devoted to these associated subjects under the headings of cross- 
sectioning, setting slope stakes, precision in measurements, 
computing end areas, methods of computing volumes, excava¬ 
tion tables and diagrams, embankment openings, curvature 
'Correction, borrow pits, computation of grading over an area — 
or borrow r -pit method, shrinkage and swell, settlement, classifica¬ 
tion of excavation, grading equipment and methods, haul, 
overhaul, station to station method, economic limit of haul, 
mass diagram, influence of rights of way and easements, rights 
of way, legal rights of surveyors, ordering materials, staking 
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appurtenant structures, change orders, inspection, contract^, 
monthly estimates, progress reports, final estimate, summary 
of requirements of supervision of construction, operation after 
construction, management and administration, allowable bear¬ 
ing power of soils, bearing power of piles, strength of building 
materials, concrete data, waterway size for culverts or bridges, 
flow of water in pipes and open channels, flow of water over 
weirs, conversion factors, weights of materials, and cost of 
various construct ions. 

The extent of construction supervision may cover maintaining 
as many resident engineers and inspectors on the work as may 
ho necessary to secure proper results; giving all necessary lines 
and grades; inspecting and testing material and workmanship; 
checking all shop drawings and lists of materials furnished by 
the contractor; preparing additional details as circumstances 
arising during the progress of the work may require; preparing 
monthly and final estimate's of work done as a basis of partial 
and final payments to the contractor; maintaining contact 
between the home office and the resident engineers through 
weekly progress reports, mail and telephone or telegraph; 
visits to the work by representatives of the home office at aver¬ 
age intervals of not less than a month (once per week, once per 
60 days, or any other period that may seem adequate under the 
circumstances); preparing a set of “record” plans showing the 
work as actually completed ; preparing a final report containing 
a history of the work and general instructions for its mainte¬ 
nance and operation; and monumenting the survey for perma¬ 
nent reference. 

IjCgal questions regarding title to property, compliance with 
ordinances, building permits, various types of insurance, and 
the like are frequently encountered during the construction 
period. 

While borings and subsurface geological exploration (§ 503, 
and pages 51 and 175 of Rubcy’s Route Surveys) are usually 
conducted prior to construction, they occasionally continue 
along with the construction surveys. 

Estimates of quantities of construction are usually made 
beforehand, periodically (perhaps monthly), and upon comple¬ 
tion of the work. These frequently are based on surveys — 
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estimated roughly for progress estimates, and accurately for 
final estimates. Progress charts are prepared, unit costs are 
estimated, and payments to the contractor are made from 
these* surveys. Figs. 507, 507a, and 507b illustrate a typical 
monthly estimate, a final estimate*, and a progress report, 
respectively. While these vary greatly in form on different, 
projects, particular examples are nevertheless shown, more* to 
call attention to their general style* and ne*e*e\ssity rathe*r than 
as samples to be followed. 

Field note's, aerial and ground photographs, constriction 
surve*y maps, and a eliary are valuable* re*cords when questions 
or dispute's arise* late*r. Fie*ld re*ce>rel drawings, usually e*alle*ei 
accessions or record plans , fe>rm a part of the* pe*rmane*ot re*e*eml 
of construction as it is finally ele*signe*d anel built. Tins matte*r 
is freepiently handled by the fie'lel party anei is in addition to 
the i)reparation and filing of construction surve*y maps. 

508. Necessary Staking. At the* be*ginning e>f construction, 
the* pre>je*e*t usually has bee*n locate*d and stake*d e>n the* ground, 
but the»se stake's we*re* ne>t set primarily for construction ]mrpe)se*s 
anel many e)f them will be* missing. The essential stake's must 
be* found e>r re*-se*t. 

Ce>nst rued ion preliminary te> the* main prefect sue*h as roads, 
railroad connections, docks, construction buildings, construction 
plants, storage yarels, and the* like* is undertaken ne*xt. Sine*e* 
this is usually te*mporary and e>f se*e*emelary im]K)rtance, it is 
se)me*time*s sufficient to pre>vide a compe*te*nt anel e*xpe*rie*nce*el 
construction fore*man with a map fremi which he may lay out 
such work. In e>the*r cases, it may be* advisable for the e*ngine*e*r 
to stake* the*se cemstructiewi facilities even though he use's rapid 
anel approximate* methods, such as staking a secondary re>ad 
by setting flagged lath several hundred fe*e*t apart e>n a graele* 
e*ontour with a cline>mete*r e*lampe*d on the* pre>pe*r grade* angle*, 
e>r such as setting approximate e*e)rne*r stakes to show the loca¬ 
tion of temporary buildings and allowing the* fe)re*man to stake 
the*m more accurately. It is increasingly ne*ce*ssary for the; 
engineer accurately to stake* preliminary construction, because 
of the increasing use of complex equipment — often especially 
designed for a particular job. 
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THE A, B AND C COMPVNY 


Conti act Voucher 
Conti wt No 42 


TO John Doe Construction Co_Dr 

920 E Adams, Chicago, Illinois 


Monthly I stunate No 1 
To October, 25, 1949 


I oi piogi css payment due in puisuinccot Conti ict No Forty—two (42) 
dited Sept ember 15 1948, with V B md t t omp m\ foi 

Irrigation Construction Moon Val ley Project , Cali- 
fornia 


(List below according to ind in terms of the schedules 
of the contiact ill detail work done or miUmls de- 
livcud to ditc) 


Earthwork 

Concrete 

Timber 


23,287 cu 
146 cu 
235 M B 


yds @ 45£ 
yds @ $80 
M @ $100 


$10,479 15 
11,680 00 
23,500 00 


Dc live red mate n ds pud for 
I \tr i work Pitvious months 

I \tia work This month (itimi/cd statement at- 
tac hod) 

Gross e armngs to date 

IjOss holdback of 10 < o on ( $53,786 24) $ 5,378 62 
I^ess supplies serviees rendered equipment lented, 
etc , previous months 


2,846 13 

5,280 9 6 
53,786 24 


Less supplies sei vices icndercd, equipment rented, 
etc this month (itemized statement it- 
tuhid) 1,826 31 

Less amounts pic vioush paid 

1 otal deduc tions 7,204 9 5 

Vmountsdue b\ this cl tun 
1 \tcnsions clucked b> R A H 


7,20 4 95 
$46,581 31 


Certified!)} (Signed) B Keen Approved b> ('signed) R Sure 
lnguuci ind Inspector 


lie 507 Monihly 1 siimate 


Chief Engineer 
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THE A, B, AND C COMP4\\ 

TO John D oe Co nstruction Co Dr 
_920 E Adam s, Ch icago, Illi nois 


Contract Voucher 
Conti itt No 42 
Final Istimitc ls<o 10 
To August 25, 1049 


I or ptogiess pa> ment due in pursume t of Conti it t No Forty-two (42) , 

dated_ Se ptembe r 15, 1948, \uth V B md C C mnpanv toi 

Irrigation Construction, Moon Valley Project, Cali¬ 
fornia 


(I ist In low molding to and m forms of the schedules 
of the conflict ill dctul work done or miteiids 
dc live icd to d ite) 


Earthwork 152 483 cu yds @ 450 

Concrete 937 0 cu yds @ $80 

Timber 1,120 0 M B M § $100 


$68,617 35 
74,960 00 
112,000 00 


Dt Inc icd m ite n ils p ud foi 
1 \tr i worl Pie v ious months 

I\tri woil I his month (itemized stitemcnt it 
t it he d) 

(iioss c linings to d ite 

I e ss holdh i< k of 10 e n ($279 727 37) $27 972 74 
loss sui)])les sci\lees lendcicd cejiiip 

me lit icute d c ft pit vious in mths 14 ,913 91 


16,285 50 

7,864 52 
279,727 37 


less supplies soivlets rendered oqmp- 
ment Tented cte this m mth (ite mi/cd 
st ite me nt itt u he d) 
less unounts pitviouslv pud 
lot il dcelue tions 
Amounts due b> this c 1 inn 
I \tonsions clue ke el b\ RAH 


2,847 

182,000 


227,733 
$51,993 


91 

46 


C eitihedb\ (Signed) B Keen \ppiovcd I >> (Signed) R_ Sure 


Pnginter ind Inspccteir 


C hit f Engineer 


Fig 507a Pinai Lshmati 
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§510] AVOIDANCE OF DISTURBANCE 711 

For the more important permanent const ruction, it is essential 
for the engineer to set a sufficient number of accurate stakes 
giving line and grade. Too many stake's may be confusing and 
wasteful of the engineer's time'; too few may permit errors of 
more or less importance* to crevp into the* work. The number 
of stake's te> be set and the* plan of staking shemlel be* discussed 
with the construction superintendent or foreman so as to make' 
the'in of maximum value* to him. 

In general f the engineer should set all stakes which cannot be* 
properly or accurately set by the' supe'rinteiiele*nt or foreman, 
and in aelelition he shemld se*t those* which his surve*y party can 
place more* economically than can the fore'inan with his less 
w T eil-traine'el men. The amount of time which the* engineer 
or foreman can spare* for such work must nUo be conddere'd. 

Fie'ld notes are kept in so many elifTe*re*nt fonns that it wemlel 
be imprae*tie*al or misleading to attempt to show' them. Most 
of the large*r organizations have* stanelard forms wiiieii must be* 
followed closely so that any member e>f the* organization e*an 
easily and correctly interpret the notes. 

509. Checking All Previous Surveys. The* first ste*p in 
constructiem surveys is to check all line's, elime'iisions, elevations, 
anel ])rope*rty boundaries that have* been established previenisly, 
freque'ntly by other engine*e*rs. This may se)me*time*s be* elowe* 
as construction proe*e*e*ds, but it should not be* delayed long 
enough to pe*rmit construction to progress e*rroneously. It is 
usually possible to find and identify se>me of the* stake's previ¬ 
ously set on the project. Special e*are must be* give'll to che*e*king 
bench marks anel to establishing aelelitional ones e*e)iive*nie*nt 
to the construction. All important points must be* re*fe're'ne*e»el 
and monumented. Discre*pane*ie's and misunderstandings are 
often discovered at this time*. 

510. Avoidance of Disturbance. Stakes must be* set in such 
locations and with sufficient permanence so as te> last until 
construction is complete*d. It may be* desirable to leave* the? 
project permanently monumented so as to serve for mainte*- 
nance, operation, and future expansion. 

Of course the stakes should be subject to a minimum of 
disturbance by excavation and other construction operations, 
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and they must be referenced to other nearby stakes or monu¬ 
ments which will not be disturbed. Care must be exercised that 
stakes will not be found to be behind or under piles of con¬ 
struction materials or otherwise inaccessible as construction 
progresses. 

The main survey lines must be maintained in their original 
position without fail, since if once lost it is difficult to reestablish 
them so as perfectly to fit the partly completed construction. 

It is usually necessary to set stakes on offset lines to avoid 
the disturbance just mentioned, or perhaps because the actual 
line is inaccessible as might be the case when the construction 
is in a stream but close to shore. 

While wooden hubs with guard stakes suffice for temporary 
use, there is an increasing trend toward permanent pipe or 
concrete monuments sufficiently long to prevent heaving from 
frozen ground. Drill holes, crows 7 feet, or crosses on rock or on 
permanent masonry structures serve excellently for permanent 
reference points. 

511. Elevations. Elevations are taken from bench marks 
near the job, often set especially for the construction surveys. 
If at all possible, they should be based on the United States 
datum, or at least on the generally recognized datum of the 
community, not on a special job datum. They must be free from 
disturbance, and should occasionally be checked against one 
another as insurance against settlement or disturbance. It is 
good practice to set them in pairs so that backsights may be 
taken on two bench marks when the level is set up at the con¬ 
struction site. Grades may be set on 

The top edge of batter boards (see page 278) 

Tops of stakes driven to grade, or sawed off to grade — 
sometimes in a hole below the ground 

Some even foot or half foot below or above the top of stake — 
so marked on the stakes 

Nails, notches, or keel marks on the sides of stakes and 

Nails inside of concrete forms. 

The nearest tenth of a foot is sufficiently precise for rough 
earthwork, although finish stakes are frequently set to hun¬ 
dredths. The nearest hundredth of a foot suffices for most 
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structures. Inches and eighths of inches are rarely used in 
engineering leveling, hut vertical dimensions are frequently 
marked on plans and given to workers in these units. 

SURVEYS FOR VARIOUS TYPES OF CONSTRUCTION 

Experience has demonstrated those methods of construction 
staking that are most satisfactory for the usual forms of con¬ 
struction. The more important of these will be mentioned, and 
modifications will suggest themselves which may be adapted 
to other types of construction. 

512. Route Surveys. Methods of construction surve 3 r 8 for 
railways, highways, transmission lines, pipe lines, canals, and so 
on are described on pages 161 to 211 of Rubey’s Routt Survey .s, 
Macmillan, 1938. Other data that are useful in the field during 
the construction period are also given in this reference. Most 
highway departments and many other organizations specify 
methods in their manuals. 

513. Tunnels. See Chapter XXIX. Underground Surveys, 
the surface triangulation for tunnel construction on page 191, 
and reference 2. 

514. Sewers and Pipe Lines. The center lines of sewers or 
pipe lines are established as in other route surveys. Small 
hubs, spikes, or painted marks are offset a fixed distance from 
the center line—only so far as construction requires—and are 
driven flush with the ground or pavement. A guard stake is 
set alongside the hub on the far side of which the station and 
the offset is marked, while on the near side the cut is marked to 
the nearest .01 foot. Stakes are usually set fifty feet apart. 
Sewers are laid accurately to grade—pipe lines less accurately 
and with fewer stakes and batter boards. 

If excavation is by hand, or after machine excavation is 
completed, it is customary to establish batter boards on the 
center line over the sewer trench (Fig. 514) with a chalk line 
or wire stretched between them on the center line and at some 
even number of feet above the inside of the bottom (the invert) 
of the sewer. A measuring stick is provided for the excavators 
and pipe layers. Batter boards are seldom necessary for pipe 
lines since they arc not often laid to exact grade. 
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Quantities of earth and rock excavation, and lengths of pip< 
laid, are finally computed from the surveys; and plans should 
be altered to show the adjacent underground utilities that were 
encountered during the work, as mentioned in § 504. 

,-Cut (some even number of feet)- s 




Fics. 514. Ratter Hoards Over a Sewer Trench. 

515. Streets. Preliminary locations and profiles are made as 
in route* surveys, upon the basis of which the location and grade 
of the* street are established so as to give* the* maximum service 
as a street, and at the same* time to be of greatest benefit to the 
adjoining property. Where the street is to be curbed, curb 
stakes are offset sonic* two feet back from the* face of the curb 
and drive'll to grade*. A tack in the top of the stake shows the 
exact alignment. Special stakes are set for the* curbs at street 
and alloy intersections, for curb openings into private driveways, 
for storm sower inlets, and other special curb construction. 

Sidewalks may be placed by the* construction foreman with 
re*fe*re*nce te> the curb stake's or to the alreaely constructed curb. 
Should separate stake's be* nee*ded for sidewalks, they are usually 
offse't one foot toward the* property from the sidewalk, tacked, 
and drive*n to grade* in a manner similar to those sc*t for curbs. 

For the* stre*e*t proper, it is sometimes nece*ssary to se*t small 
stake's or pegs betwc*e*n the two curbs as a guide for grading 
ojx'rations, although more* frc*que*ntly the foreman c*an use* 
a temple't se*t between tops of the curbs, or he can stretch a chalk 
line from one curb to the other and conduct the grading accord¬ 
ingly. Rough excavation is staked as local conditions require. 
Often the* engineer sets finish excavation pegs some 50 fe*et apart 
alemg the center line of the stre'et and also sometimes half way 
between the center line and the curbs. These pe'gs are driven 
with their tops at the finished sub-grade. Later, another set 
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of such pegs may be driven into the finished sub-grade with 
their tops at the elevation of the finished pavement, although 
frequently the pavement is finished with a templet set on 
temporary or permanent curbs or from a chalk line stretched 
between curbs. 

An important and intricate feature of street design occurs at 
the intersections of streets when* warped surfaces must be 
provided for drainage and for adjusting the differences in 
elevations arising from the differing grades of the intersecting 
streets. The reader is referred to the old but unexcelled article*, 
Street Grades at Intersections , by A. S. Tuttle* in Engineering 
Re*e*ord, Oe*te>ber 16, 1909 page 429, fe>r details of the design 
of street intersections. 

516. Anchor Bolts. Anchorage* into concrete foundations is 
usually provided by steel bolts e>r angles se»< in the* e*e>ncre*te* with 
the* bottoms hooked or otherwise anchored, anel with the* tops 
extending abe>ve* the ee>nere*te. Kine*e the supe*rstnature*, usually 
ste*el, allows for but little error in the pe>sitiein of the* bolts or 
angle's, pe*rhaps not mem* than 1, 8 or 1/4 inch, it is ne*e*e*ssary 
te> se»t the*m with gre*at e*are*. 

In the* usual practice, a wooden or stee*l template is se> maele 
that the* bolts or angle's may hang tiirough vertical holes in tlie* 
te*mplate* into the* .s]>ae*e* which is te> be* fille*el with e*e)ne*re*te*. The* 
te*mplate* is se*t in pe>sitie)ii with a transit anel le*ve*l, or in Ie*ss 
important ease*s with a mechanic's square and le*ve*l. 

In oreler that the* up]x*r e*nd of t he* anchor may be* sprung for 
perhaps a half-inch in any horizontal direction, it is sometimes 
]>e*rmissible to place a small thin pijie* e>f pe*rhaps two-inch 
eliame*te*r aremnel the* npjx'r portion of the* anchor whose lower 
portion is fully imbe*dde*el and anclioml in the* e*e)ne*re*te*. Afte»r 
the superstructure has be*e*n ])lae*e*el, the hole*s are* fille*el with 
ce*ment gremt; and at the* same* time* grout is poured be*twe*en 
the concrete founelation and the* superstructure. 

Such procedures are used in bridge piers, column footings, 
transmission-line tower foundations, machinery foundations, 
and the like. 

517. Bridge Sites. The surveys for the sites of smaller 
bridges and culverts is covered in Rubey’s Route Surveys, page's 
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216 and 217; but more elaborate surveys are required for thr 
larger structures. A site map is prepared on a scale of perhaps 
1 inch = 100 foot with a contour interval of two foot or five 
foot depending upon the steepness of the slopes. Most larg^ 
organizations such as highway departments or railways furnish 
a printed form upon which pertinent information regarding the 
proposed bridge is entered. Photographs are usually helpful. 
Information is assembled, on the ground so far as possible, 
regarding the characteristics of the stream and site (or of inter¬ 
secting roadways and the traffic in the case of grade separation 
structures), and a recommendation is made of the type of 
structure needed. 

The Bridge Survey Report of the Missouri State Highway 
Department consists of a five-page printed form. Extracts 
from the instructions regarding this form are here quoted. 

“The purpose of a bridge survey is to establish three impor¬ 
tant points: the general dimensions of the structure (length, 
height, skew, and arrangement of spans); the type, size, and 
depth of foundation; and the cost of construction. These 
three points are very intimately related to the required water¬ 
way. A restricted waterway means serious scour, and footings 
must extend deep or be very substantially founded. There is 
no exact method of determining the proper waterway. Judg¬ 
ment must be based upon the following approximations: 
Comparison with existing bridges, computation by formula 
of the discharge of the natural channel, and estimate of the 
run-off from the drainage area. . . . 

“In addition to this report, the survey drawings shall show 
the following: 

“1. An accurate profile of the crossing along the proposed 
center line of the road, extended on each side of the channel 
to the limits of extreme high water. That particular portion 
of the crossing to be occupied by the bridge shall be shown at 
equal horizontal and vertical scales not smaller than 1 inch = 
20 feet, preferably 1 inch = 10 feet. The entire flood valley 
is not required on this scale. 

“2. Extreme and ordinary high water levels; extreme low 
water level. 

“3. A profile along the stream bed extending at least 1,000 
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feet each way from the bridge site. This should be along the 
thread of the channel and should show all holes in the stream 
bed, and all shoals and rapids. This is particularly important 
for small areas where culverts will be used. For larger areas 
having perennial streams, it will be sufficient to show the 
profile of the water surface. 

“4. Contour map of the site extending at least 1,000 feet up 
and down stream from the crossing and covering the whole 
width of valley submerged by high water. If necessary lo 
properly show bends in the channel, extend the meander lines 
beyond the 1,000-foot limit. Show also the present road and th'* 
proposed center line. Show enough of the valley in any case 
to determine the direction of flood currents. 

“5. Location and elevation of at least two bench-marks. 
North point. Direction of flow. 

“6. Complete details of existing substructures which it may 
be proposed to use in place. If present structure is to be ex¬ 
tended, show complete details of superstructure and sub¬ 
structure at points of attachment. 

“7. A profile across the valley between limits of extreme high 
water. Profile to be at right angles to stream and valley, near 
bridge 1 site, and preferably where valley is constricted, so that 
little 1 or no overflow is present. If center-line profile* meets these 
requirements this will be* sufficient, — so state* on survey. If 
valle*y section is ve*ry far removed from center-line, care* should 
be use*d to ascertain the corre*ct high wate*r mark at that point. 
If any doubt exists as te> high water marks re*porte*d to the 
survey party, give locution anel <*le*vat ; on of all such marks and 
in e*ve*ry case* give elate*s of occurrence. Te>o much e*are cannot 
be used in determining these data.” 

The map, profile's, and information are* them turne*d over 
to the bridge designer who lays out the* structure 1 e>n the map 
and profile, afte*r which it is returned to the* field e*ngine*er 
for staking prior to cemst ruction. The setting of the construc¬ 
tion stake's is described em pages 278 and 279 and on page 217 
of Rubey’s Route Surveys. 

Piers for bridge's are often locate*el far off-shore where staking 
by direct methods is impossible. Jn such cases it is necessary 
to establish one or more base* line's on shore and te> triangulate 
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the pier location from those base* lines. Reference marks an 
established by triangulation on the piling or on the cofferdams 
Where the piers are at a considerable distance off-short 1 or when 1 
tilt 1 bridge spans art 1 long, these 1 surveys must be executed 
with a precision in (list.dice of from 1 50,000 upward. It would 
be misleading to show a figure for such triangulation since 
they vary greatly to fit the adjacent shore conditions. A recent 
and intricate triangulation for the Tacoma Narrows Bridge is 
described in Civil Engineering March 1041, pages 143-146. 

It is frequently necessary to establish permanent reference 
points and bench marks which may be used in subsequent 
surveys and for determining possible settlement or other move¬ 
ment. 

518. Buildings. Site 1 maps for buildings such as Fig. 518 are 
prepared for the architect on a large scale such as 1 inch = 
40 feet or larger, with elevations and sometimes with contours 
thereon. It is, of course, necessary that the lot corners be 
carefully and permanently established by a competent local 
land surveyor. 

After the 1 architect has located the proposed building on the 
map, it is staked by means of batter boards and reference stakes 
as described on pages 278 and 270 of this volume, and on page 
216 of Rubey’s Route Surveys. 

For larger buildings, it is necessary that stakes be set inside 
of the building following rough excavation, so as to locate 
foundations for columns, machinery, or other heavy construc¬ 
tion. Elevations are established and marked on these stakes 
by use of the engineers' level. For large footings, it may be 
necessary to set batter boards inside of the main building. 
Lines may be carried inside the building through doors or 
windows, and stakes outside of the building should be located 
with this in mind. 

Where forms for concrete are used, it is customary to drive 
nails around the inside of these forms at required elevations 
such as the top of the concrete. 

In large and important structures, it is necessary continuously 
to check major portions of the building by use of the transit, 
tape, and engineers’ level. 
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Vortical lines are maintained through the construction period 
by means of plumb bobs or by use of the engineers’ transit. 
The vertically of the vertical axis of the transit should be 
obtained with the telescope bubble, where precision is necessary. 




720 


CONSTRUCTION SURVEYS 


[Ch. XXX 


519. Groups of Buildings and Industrial Plants. Throe 
horizontal control systems for locating buildings and associated 
improvements arc commonly used for real estate developments, 
industrial sites, and landscaping, namely — 

1. Street lines, either property lines or center-lines 

2. Railroad center-lines 

3. Coordinated rectangles, sometimes called checkerboard. 

In the latter case, it is best to set hubs, with elevations 

thereon, in rectangles with sides of 100 or 200 feet over the en¬ 
tire site, and to drive these stakes flush with the ground and as 
permanently as necessary. The stakes may be used as defining 
rectangular coordinates by which landscaping and the various 
structures such as roads, railroads, utilities, docks, wharves, 
and buildings may be designed on a contour map, and staked 
on the ground. See §§ 209 and 351 of this volume', and page's 
188 to 192 of Rubey’s Route Surveys. 

The site map, drawn to a scale' of perhaps 1 inch = 40 feet 
and with a one-foot e)r two-foot contour interval for relatively 
level grenmd, is then prepared showing all improvements and 
other features of interest together with the coordinate lines 
ce>rresponeling to the staked rectangles, if that method was used. 

After the project has been designed and established on the 
map, it is transferred therefrom and staked on the ground. It 
is desirable to leave adequate permanent monuments and bench 
marks for subsequent uses. 

520. Reservoirs and Dams. Frequently, United States 
Geological Survey Quadrangle maps covering the site of the 
reservoir uro available upon which preliminary studies and 
estimates of quantities and costs may bo made, and upon w T hich 
alternative sites for the dam may be located tentatively. Aerial 
photographic maps are useful in the early stages of planning, 
for locating the shore line of a reservoir, and sometimes for 
acquiring property. 

Maps w r ith scales of the order of 1 inch = 40 feet are prepared 
for each of the alternative dam sites upon which topography, 
borings, and other exploratory work are showm. 

At the same time or later, a topographic map of the reservoir 
site is prepared on a scale of perhaps 1 inch = 400 feet or more 
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that shows the high and low water levels of the reservoir on which 
the required property may be selected tentatively. 

Later, when the dam site and high water elevation have been 
determined definitely, it is customary to run levels and a traverse 
somewhat above this elevation around the reservoir and to tie 
this traverse to all available adjacent property corners as well 
as to any control system covering the reservoir site. The neces¬ 
sary property is acquired from this survey. Bench marks are 
established around the reservoir above high water and particu¬ 
larly at the site of the dam. The area to lx* cleared is designated 
by paint marks on tree's and otherwise, and the storage' capacity 
of the reservoir may be computed from the map of this survey. 

For the dam itself, it is desirable to locate and monument 
the center-line and the centers of curvature* of the dam in such 
a way as to assure their permanency during and after con¬ 
struction. Where possible, these are set well above the top of 
the dam where they are less subject to disturbance or sub¬ 
mergence. A large scale cross-section along the center-line of 
the dam is prepared upon which the borings, geologic formations, 
and elevation of the dam are shown. The ground line cross- 
section is extended well above the top of the dam in order to 
facilitate the design of cableways or other construction equip¬ 
ment. 

521. Quantity Surveys and Bidding. This important phase 
of construction engineering should be mentioned since it is 
definitely associated with construction surveys. 

The preparation of a detailed estimate* of quantities, the 
quantity survey, is necessary for nearly all construction projects. 
One is prepared by the owner’s engineers, and another by each 
contractor bidding on the work. In English practice, though 
rarely in this country, specialized firms of engineers not other¬ 
wise associated with the work make* the quantity survey, and 
their quantities are used by all contractors who bid. 

At intervals during construction, and after the work is 
completed, the quantities usually are computed again as a 
basis for payment to the contractor, as in Figs. 507 and 507a. 

It is probable that the best line of advancement for the young 
construction engineer is that associated with bidding, which 
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in turn is bused on quantity surveys. Bidding involves tli^ 
preparation of proposals for new work, selection of equipment, 
selection and computation of costs, sub-letting of certain parts 
of the work, and many other construction activities, in the 
course of which the engineer develops construction judgment 
and makes many desirable contacts with clients and with 
officials of his organization. It is therefore desirable that every 
opportunity be utilized to secure experience and responsibility 
along these lines. 
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LOGARITHMIC AND 
TRIGONOMETRIC TABLES 


TABLE I 

COMMON LOGARITHMS OF NUMBERS 

FROM 

1 TO 10 000 

TO 

FIVE DECIMAL PLACES 


1 — 100 


- N 

Log 

N 

Log 

N 

Log 

“n 

Log 

N 

Log 

0 


20* 

1.30 103 

40 

1.60 206 

60 

1.77 815 

80 

1.90 309 

1 

0.00 000 

21 

1.32 222 

41 

1 . C 1 278 

61 

1.78 533 

eh 

1.90 849 

2 

0.30 103 

22 

1.34 242 

42 

1.62 325 

62 

1.79 239 

133 

1.91 381 

3 

0.47 712 

23 

1.36 173 

43 

1.63 347 

63 

1.79 934 

83 

1.91 908 

4 

0.60 206 

24 

1.38 021 

44 

1.64 345 

64 

1.80 618 

84 

1.92 428 

5 

0.69 897 

25 

1.39 794 

45 

1.65 321 

65 

1.81 291 

85 

1.92 942 

6 

0.77 815 

26 

1.41 497 

46 

1.66 276 

66 

1.81 954 

86 

1.93 450 

7 

0.84 510 

27 

1.43 136 

47 

1.67 210 

67 

1.82 607 

87 

1.93 952 I 

8 

0.90 309 

28 

1.44 716 

48 

1.68 124 

08 

1 83 251 

88 

1.94 448 I 

9 

0.95 424 

29 

1.46 240 

49 

1.69 020 

69 

1.83 885 

89 

1.94 939 I 

10 

1.00 000 

O 

1.47 712 

50 

1.69 897 ! 

70 

1.84 510 

90 

1.95 424 | 

11 

1.04 139 

31 

1.49 136 

51 

1.70 757 

71 

1.85 126 

91 

1.95 904 | 

12 

1.07 918 

32 

1.50 515 

52 

1.71 600 

72 

1.85 733 

92 

1.96 379 | 

13 

1.11 394 

33 

1.51 851 

53 

1.72 428 

73 

1.86 332 

93 

1.96 848 

' 14 

1.14 613 

34 

1.53 148 

54 

1.73 239 

74 

1.86 923 

94 

1.97 313 ! 

15 

1.17 609 

35 

1.54 407 

55 

1.74 036 

75 

1.87 506 

95 

1.97 772 

16 

1.20 412 

36 

1.55 630 

56 

1.74 819 

76 

1.88 081 

96 

1.98 227 

17 

1.23 045 

37 

1.56 820 

57 

1.75 587 

77 

1.88 649 

97 

1.98 677 

18 

1.25 527 

38 

1.57 978 

58 

1.76 343 

78 

1.89 209 

98 

1.99 123 

19 

1.27 875 

39 

1.59 106 

59 

1.77 085 

79 

1.89 763 

99 

1.99 564 

N 

Log 

N 

Log 

N 

Log 

N 

Log 

N 

Log 
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100 — Logarithms of Numbers —150 [I 

1 | 2 '3 I 4 | 5, 6 j 7 I 8 I 9 I Prop. Pts. 



1 3.2 3.1 3.0 

2 6.4 6.2 6.0 

3 9.6 9.3 9.0 

4 12 .S 12.4 12.0 
6 16.0 16.5 15.0 

6 19.2 18.6 18.0 

7 22.4 21.7 21.0 

8 25.6 24.8 24.0 

9 28.8 27.9 27.0 


9 I Prop. Pts. 

































































































































































8 9 Prop. Pis. 











































































250 — Logarithms of Numbers — 



























































300 — Logarithms of Numbers — 350 

































































] 350 — Logarithms of Numbers — ■ 

N. | 0 | 1 2 3 I 4 | 5 I 6 I 7 I 8 I 


54 407 



58 092 

104 

206 

218 

320 

331 

433 

444 

546 

557 

659 

670 

771 

782 

883 

894 

995 

*006 

59 106 

118 


391 21 S 229 

392 329 340 

393 439 450 

394 550 561 

395 660 671 

396 770 780 

397 879 890 

398 988 999 

399 60 097 108 


BZE3B5B1B2Sm pSE3| BBE3( 


127 138 149 161 172 

210 252 263 274 286 

354 365 377 388 399 

467 478 490 501 512 

580 591 602 614 625 

704 715 726 737 



583 594 
693 I 704 



306 318 
417 428 
528 539 

638 649 
748 759 
857 868 





Prop. Pte. 





































































■ Logarithms of Numbers — 450 






















































































































































10 500 — Logarithms of Numbers — 550 pi 


N.J 

0 

1 

2 

3 4 

5 

6 7 

8 

9 

Prop. Pts. 

Ea 

69 897 

906 

914 

923 932 

m 

949 958 

966 

975 

log 5 

=.69897 00043 

9 8 

1 0.9 0.8 

2 1.8 1.6 

3 2.7 2.4 

4 3.6 3.2 

5 4.5 4.0 

6 5.4 4.8 

7 6.3 5.6 

8 7.2 6.4 

9 8.1 7.2 

7 

1 0.7 

2 1.4 

3 2.1 

4 2.8 

5 3.5 

6 4.2 

7 4.9 

8 5.6 

9 6.3 

501 

502 

503 

504 

505 

506 

507 

508 

509 

984 

70070 

157 

243 

329 

415 

501 

586 

672 

992 

079 

165 

252 

338 

424 

509 

595 

680 

*001 

088 

174 

260 

346 

432 

518 

603 

689 

*010 *018 
096 105 
183 191 

269 278 
355 364 
441 449 

526 535 
612 621 
697 706 

*027 

114 

200 

286 

372 

458 

544 

629 

714 

*036 *044 
122 131 
209 217 

295 303 
381 389 
467 475 

552 561 
638 646 
723 731 


1 

510 

757 

EZZ3 

m 

783 791 

ESj 

808 817 

825 

rm 

511 

512 

513 

514 

515 
510 

517 

518 

519 

842 
927 
71 012 

096 

181 

265 

349 

433 

517 

851 

935 

020 

105 

189 

273 

357 

441 

525 

859 

944 

029 

113 

198 

282 

366 

450 

533 

868 876 
952 961 
037 046 

122 130 
200 214 
290 299 

374 383 
458 466 
542 550 

885 

969 

054 

139 

223 

307 

391 

475 

559 

893 902 
978 986 
063 071 

147 155 
231 210 
315 324 

399 408 
483 492 
567 575 

910 

995 

079 

164 

248 

332 

416 

500 

584 

919 

*003 

088 

172 

257 

341 

425 

508 

592 

520 

600 

mi 

m 

625 634 

642 

650 659 

667 

675 

521 

522 

523 

524 

525 

526 

527 

528 

529 

684 

767 

850 

933 
72 016 
099 

181 

263 

346 

692 

775 

858 

941 

024 

107 

189 

272 

354 

700 

784 

867 

950 

032 

115 

198 

280 

362 

709 717 
792 800 
875 883 

958 966 
041 049 
123 132 

206 214 
288 296 
370 378 

725 

809 

892 

975 

057 

140 

222 

304 

387 

734 742 
817 825 
900 908 

983 991 
066 074 
148 156 

230 239 
313 321 
395 403 

750 

834 

917 

999 

082 

165 

247 

329 

411 


590 

428 

m 

m 

452 460 

469 

477 485 

493 

501 

531 

532 

533 

534 

535 

536 

537 

538 

539 

509 

691 

673 

754 

835 

916 

997 
73 078 
159 

518 

599 

681 

762 

843 

925 

*006 

086 

167 

526 

607 

689 

770 

852 

933 

*014 

094 

175 

534 542 
016 624 
697 705 

779 787 
860 868 
941 949 

*022 *030 
102 111 
183 191 

550 

632 

713 

795 

876 

957 

*038 

119 

199 

558 507 
640 648 
722 730 

803 811 
884 892 
965 973 

*046 *054 
127 135 
207 215 

575 

656 

738 

819 

900 

981 

*062 

143 

223 

1 

540 

239 

247 

255 

263 272 

280 

288 296 

lETifl 


541 

542 

543 

544 

545 

546 

547 

548 

549 

320 

400 

480 

560 

640 

719 

799 

878 

957 

328 

408 

488 

568 

648 

727 

807 

886 

965 

336 

416 

496 

576 

656 

735 

815 

894 

973 

344 352 
424 432 
504 512 

584 592 
664 672 
743 751 

823 830 
902 910 
981 989 

300 

440 

520 

600 

679 

759 

838 

918 

997 

368 376 
448 456 
528 536 

608 616 
687 695 
707 775 

846 854 
92fc 933 
*005 *013 

384 

464 

544 

624 

703 

783 

862 

941 

*020 

392 

472 

552 

632 

711 

791 

870 

949 

*028 

550 

74 036 

044 

ieh 

060 068 

T\ 4 


084 092 

EH 

107 

N. 

0 

1 

2 

5 

7 
■ ■ 

8 

9 

Prop. Pts. 











































































531 115 

332 194 

533 273 

351 351 

333 429 

356 507 

537 586 

358 663 

559 741 




561 896 

362 974 

563 75 031 

564 128 

365 205 

566 282 

567 358 

568 435 

569 511 


— Logarithms of Numbers— 
2j 3 | 4 j S | 6 | 7 | 8 | 9 




123 131 139 147 

202 210 218 225 
280 288 296 304 

359 307 374 382 
437 445 453 401 
515 523 531 539 

593 601 009 617 
671 679 687 695 
749 757 764 


904 912 920 
9S1 989 997 
039 066 074 

136 143 151 
213 220 228 
289 297 305 
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77 815 822 


601 887 895 

602 960 967 

603 78 032 039 

604 104 111 

605 176 183 

606 247 254 

607 319 326 

608 390 398 

609 462 469 


610 533 540 


611 604 611 

612 675 682 

613 746 753 

614 817 824 

615 888 895 

616 958 965 

617 79 029 036 

618 099 106 

619 169 176 


239 246 


621 309 316 

622 379 386 

623 449 456 

624 618 525 

625 588 595 

626 657 664 

627 727 734 

628 796 803 

629 865 872 


909 916 924 
981 988 996 
053 061 068 

125 132 140 
197 204 211 


625 

KJjEj 

640 

696 

Tfl 

711 

767 

Ercl 

781 

838 

845 

852 

909 

916 

923 

979 

986 

993 

050 

057 

064 

120 

127 

134 

190 

197 

204 




323 330 337 344 
393 400 407 414 
463 470 477 484 

532 539 546 553 
602 609 616 623 
678 685 692 

748 754 761 
810 1 817 824 831 
879 886 893 900 



fergiinsEi E3 E5J 253 




030 

037 

044 

099 

106 

113 

168 

175 

182 

236 

243 

250 

305 

312 

318 

373 

380 

387 

441 

448 

455 

509 

516 

523 

577 

584 

591 




61)9 706 
767 774 
835 841 


720 726 
787 794 
855 862 

916 922 929 
983 990 996 
037 043 050 057 064 

104 111 117 124 131 

171 178 184 191 198 

238 245 251 258 265 




0.8 0.7 
1.6 1.4 










































































650 — Logarithms of Numbers — 700 ] 

To I 1 I 2 I 3 I 4 I 6 I 6 7 I 8 I 9 I Prop. Pts. 
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700 — Logarithms of Numbers — 750 
I N * _P_ J 1 I 2 I 3 I 4 6 I «J 1 » I 9 | Prop. PtsT* 


Til K4 5io pffSIEESllSgl INiri 


578 584 
640 646 
702 708 


590 597 603 609 615 

652 658 665 671 677 

714 720 726 733 739 

776 782 788 794 800 

837 844 850 856 862 

899 905 911 917 924 

960 967 973 979 985 

022 028 034 040 046 

083 089 095 101 107 


621 628 
683 689 
745 751 

807 813 
868 874 


991 997 
052 058 
114 120 




230 

236 

242 

291 

297 

303 

352 

358 

364 

412 

418 

425 

473 

479 

485 

534 

540 

546 

594 

600 

606 

655 

661 

667 

715 

721 

727 
































































Ij 750 — Logarithms of Numbers — 800 


N. 


II 

□ 

3 

s 

0 

6 

7 

8 

1® 

Prop. 

750 

87 506 

S 

m 

523 

9 

EZj 

541 

547 

552 

r*i 

6 

1 0.6 
2 1.2 

3 1.8 

4 2.4 

5 3.0 

6 3.6 

7 4.2 

8 4.8 

9 5.4 

751 

752 

753 

754 

755 

756 

757 

758 

759 

564 

622 

679 

737 

795 

852 

910 
967 
88 024 

570 

628 

685 

743 

800 

858 

915 

973 

030 

576 

633 

691 

749 

806 

864 

921 

978 

036 

581 

639 

697 

754 

812 

869 

927 

984 

041 

587 

645 

703 

760 

818 

875 

933 

990 

047 

593 

651 

708 

766 

823 

881 

938 

996 

053 

599 

656 

714 

772 

829 

887 

944 

*001 

058 

604 

662 

720 

777 

835 

892 

950 

*007 

064 

610 

668 

726 

783 

841 

898 

955 

*013 

070 

616 

674 

731 

789 

846 

904 

961 

*018 

076 

760 

081 

Esa 

ESI 


m 

m 

116 

■hi 

m 

133 

761 

762 

763 

764 

765 

766 

767 

768 

769 

138 

195 

252 

309 

366 

423 

480 

536 

593 

144 

201 

258 

315 

372 

429 

485 

542 

598 

150 

207 

264 

321 

377 

434 

491 

547 

604 

156 

213 

270 

326 

383 

440 

497 

553 

610 

161 

218 

275 

332 

389 

446 

502 

559 

615 

167 

224 

281 

338 

395 

451 

508 

564 

621 

173 

230 

287 

343 

400 

457 

513 

570 

627 

178 

235 

292 

349 * 

406 

463 

519 

576 

632 

184 

241 

298 

355 

412 

468 

525 

581 

638 

190 

247 

304 

360 

417 

474 

530 

587 

643 

E3 

649 

655 

ml 

ItTSTSl 

672 

677 

683 


rm 

EE3 

771 

772 

773 

774 

775 

776 

777 

778 

779 

705 

762 

818 

874 

930 

986 

89 042 
098 
154 

711 

767 

824 

880 

936 

992 

048 

104 

159 

717 

773 

829 

885 

941 

997 

053 

109 

165 

722 

779 

835 

891 

947 

*003 

059 

115 

170 

728 

784 

840 

897 

953 

*009 

064 

120 

176 

734 

790 

846 

902 

958 

*014 

070 

126 

182 

739 

795 

852 

908 

964 

*020 

076 

131 

187 

I 

750 

807 

863 

919 

975 

*031 

087 

143 

198 

| 


209 

m 

El 

226 

wm 

wm 

IPEE1 

j%Ef 



781 

782 

783 

784 

785 

786 

787 

788 

789 

265 

321 

376 

432 

487 

542 

597 

653 

708 

271 

326 

382 

437 

492 

548 

603 

658 

713 

276 

332 

387 

443 

498 

553 

609 

664 

719 

282 

337 

393 

448 

504 

559 

614 

669 

724 

287 

343 

398 

454 

509 

564 

620 

675 

730 

293 

348 

404 

459 

515 

570 

625 

680 

735 

298 

354 

409 

465 

520 

575 

631 

686 

741 

304 

360 

415 

470 

526 

581 

636 

691 

746 

310 

365 

421 

476 

531 

586 

642 

697 

752 

315 

371 

426 

481 

537 

592 

647 

702 

757 

E3 

763 

m 

1771 

FQ3 

gza 

790 

796 

pm 

1571 

Era 

791 

792 

793 

794 

795 

796 

797 

798 

799 

818 

873 

927 

982 

90037 

091 

146 

200 

255 

823 

878 

933 

988 

042 

097 

151 

206 

260 

829 

883 

938 

993 

048 

102 

157 

211 

266 

834 

889 

944 

998 

053 

108 

162 

217 

271 

840 

894 

949 

*004 

059 

113 

168 

222 

276 

845 

900 

955 

*009 

064 

119 

173 

227 

282 

851 

905 

960 

*015 

069 

124 

179 

233 

287 

856 

911 

966 

*020 

075 

129 

184 

238 

293 

862 

916 

971 

*026 

080 

135 

189 

244 

298 

867 

922 

977 

*031 

086 

140 

195 

249 

304 

E2 

309 

EO 

m 

^9 

331 

336 

342 

347 

352 

358 


N. 


i 

a 

s . 

4 

5 

6 

l ' .. 

Tl 

8 

9 Prop. 


N. 

































































817 222 

818 275 

819 328 




Logarithms of Numbers — 850 

3 

4 

5 

6 

7 

8 

9 Prop. Pts 

325 

331 

336 

342 

347 

352 

358 

380 

385 

390 

396 

401 

407 

412 

434 

439 

445 

450 

455 

461 

466 

488 

493 

499 

504 

509 

515 

520 

542 

547 

553 

558 

563 

569 

574 

596 

601 

607 

612 

617 

623 

628 

650 

655 

660 

666 

671 

677 

682 

703 

709 

714 

720 

725 

730 

736 

757 

763 

768 

773 

779 

784 

789 

811 

816 

822 

827 

832 

838 

843 

865 

870 

875 

881 

886 

891 

897 

918 

924 

929 

934 

940 

945 

950 

972 

977 

982 

988 

993 

998 

*004 

025 

030 

036 

041 

046 

052 

057 

078 

084 

089 

094 

100 

105 

110 

132 

137 

142 

148 

153 

158 

164 

185 

190 

196 

201 

206 

212 

217 

238 

243 

249 

254 

259 

265 

270 

291 

297 

302 

307 

312 

318 

323 

344 

350 

355 

360 

365 

371 

376 

397 

403 

408 

413 

418 

424 

429 


821 434 440 445 

822 487 492 498 

823 540 545 551 

824 593 598 603 

825 645 651 656 

826 698 703 709 

827 751 756 761 

828 803 808 S 14 

829 855 861 866 


908 


831 960 965 

832 92 012 018 

833 065 070 

834 117 122 

835 169 174 

836 221 226 

837 273 278 

838 324 330 

839 376 381 


428 


480 485 
531 536 
583 588 

634 639 
686 691 
737 742 

8471 788 793 

848 840 845 

849 891 896 


455 461 
508 514 
561 566 

614 619 
666 672 
719 724 

772 777 
824 829 
876 882 


466 471 
519 524 
572 577 

624 630 
677 682 
730 735 

782 787 
834 840 
887 892 


\mmi 


981 986 
033 038 
085 091 

137 143 
189 195 
241 247 

293 298 
345 350 
397 402 


991 997 
044 049 
096 101 

148 153 
200 205 
252 257 

304 309 
355 361 
407 412 


tmmmi 


490 495 
542 547 
593 598 

645 650 
696 701 
747 752 

799 804 
850 855 
901 906 


500 505 
552 557 
603 609 

655 660 
706 711 
758 763 

809 814 
860 865 


511 516 
562 567 
614 619 

665 670 
716 722 
768 773 

819 824 
870 875 
921 927 
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505 510 
550 561 




515 520 520 531 520 541 

5G6 571 576 5S1 586 591 

016 G21 020 621 036 041 


006 671 676 682 

717 722 727 732 
707 772 777 782 

817 822 827 832 
807 872 877 882 
917 922 927 


692 
742 747 
792 797 

842 847 
892 897 


esseesi 


022 027 032 037 042 047 

072 077 082 080 091 096 

121 126 131 130 141 146 

171 176 181 180 191 196 

221 220 231 230 240 245 

270 275 280 285 290 295 

320 325 330 335 340 345 

369 374 379 384 389 394 

419 424 429 433 438 443 





5 

1 I 0.0 0*5 

2 1.2 1.0 

3 1.8 1.5 

4 2.4 2.0 

5 3.0 2.5 
0 3.0 

7 4.2 

8 4.8 

9 5.4 


522 527 532 537 542 

571 570 581 586 591 

021 026 630 635 640 


670 675 680 
719 724 729 
708 773 778 


685 689 
734 738 
783 787 

832 836 
880 885 
929 934 


177 
221 226 
270 274 

318 323 
366 371 


Prop. Pts. 



































































901 472 

902 521 

903 569 

904 617 

905 665 

906 713 

907 761 

908 809 

909 856 


— Logarithms of Numbers — 950 [j 

2 I 3 I 4 I 5 1 6 1 7 I 8 9 ( Prop. Pts. 




477 482 487 492 497 501 506 511 516 

525 530 535 540 545 550 554 559 564 

574 578 583 588 593 598 602 607 612 

622 626 631 636 641 646 650 655 660 

670 674 679 684 689 694 698 703 708 

718 722 727 732 737 742 746 751 756 

766 770 775 780 785 789 794 799 804 

813 818 823 828 832 837 842 847 852 

861 866 871 875 880 885 890 895 899 







































































960 — Logarithms of Numbers —1000 



n 

2 

3 

4 

5 

6 

7 

8 

9 

97 772 

777 

782 

786 

791 

795 

800 

804 

809 

813 

818 

823 

827 

832 

836 

841 

845 

850 

855 

859 

864 

868 

873 

877 

882 

886 

891 

896 

900 

905 

909 

914 

918 

923 

928 

932 

937 

941 

946 

950 

955 

959 

964 

968 

973 

978 

982 

987 

991 

996 

98 000 

005 

009 

014 

019 

023 

028 

032 

037 

041 

046 

050 

055 

059 

064 

068 

073 

078 

082 

087 

091 

096 

100 

105 

109 

114 

118 

123 

127 

132 

137 

141 

146 

150 

155 

159 

164 

168 

173 

177 

182 

186 

191 

195 

200 

204 

2091 

214 

218 

223 

227 

232 

236 

241 

245 

250 

254 

259 

263 

268 

272 

277 

281 

286 

290 

295 

299 

304 

308 

313 

318 

322 

327 

331 

336 

340 

345 

349 

354 

358 

363 

367 

372 

376 

381 

385 

390 

394 

399 

403 

408 

412 

417 

421 

426 

430 

435 

439 

444 

448 

453 

457 

462 

466 

471 

475 

480 

484 

489 

493 

498 

502 

507 

511 

516 

520 

525 

529 

534 

538 

543 

547 

552 

556 

561 

565 

570 

574 

579 

583 

588 

592 

597 

601 

605 

610 

614 

619 

623 

628 

632 

637 

641 

646 

650 

655 

659 

664 

668 

673 

677 

682 

686 

691 

695 

700 

704 

709 

713 

717 

722 

726 

731 

735 

740 

744 

749 

753 

758 

762 

767 

771 

776 

780 

784 

789 

793 

798 

802 

807 

811 

816 

820 

825 

829 

834 

838 

843 

847 

851 

856 

860 

865 

869 

874 

878 

883 

887 

892 

896 

900 

905 

909 

914 

918 

923 

927 

932 

936 

941 

945 

949 

954 

958 

963 

967 

972 

976 

981 

985 

989 

994 

998 

*003 

*007 

*012 

*016 

*021 

*025 

*029 

99 034 

038 

043 

047 

052 

056 

061 

065 

069 

074 

078 

083 

087 

092 

096 

100 

105 

109 

114 

118 

123 

127 

131 

136 

140 

145 

149 

154 

158 

162 

167 

171 

176 

180 

185 

189 

193 

198 

202 

207 

211 

216 

220 

224 

229 

233 

238 

242 

247 

251 

255 

260 

264 

269 

273 

277 

282 

286 

291 

295 

300 

304 

308 

313 

317 

322 

326 

330 

335 

339 

344 

348 

352 

357 

361 

366 

370 

374 

379 

383 

388 

392 

396 

401 

405 

410 

414 

419 

423 

427 

432 

436 

441 

445 

449 

454 

458 

463 

467 

471 

476 

480 

484 

489 

493 

498 

502 

506 

511 

515 

620 

524 

528 

533 

537 

542 

546 

550 

555 

559 

564 

568 

572 

577 

581 

585 

590 

594 

599 

603 

607 

| 612 

616 

621 

625 

629 

634 

638 

642 

647 

651 

1 656 

660 

664 

669 

673 

677 

682 

686 

691 

695 

699 

704 

708 

712 

717 

721 

726 

730 

734 

739 

743 

747 

752 

756 

760 

765 

769 

774 

778 

782 

787 

791 

795 

800 

804 

808 

813 

817 

822 

826 

830 

835 

839 

843 

848 

852 

856 

861 

865 

870 

874 

878 

883 

887 

891 

896 

900 

904 

909 

913 

917 

922 

926 

930 

935 

939 

944 

948 

952 

957 

961 

965 

970 

974 

978 

983 

987 

991 

996 

00 000 

004 

009 

013 

017 

022 

026 

030 

035 

039 

0 

1 

2 

“T 

4 

~5~ 

T" 

T" 

8 

~9~ 


Prop. Pts. 


1 0.5 0.4 

2 1.0 0.8 

3 1.5 1.2 

4 2.0 1.6 

5 2.5 2.0 
0 3.0 2.4 

7 3.5 2.8 

8 4.0 3.2 

9 4.5 3.6 
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Conversion Factors 


[la 


Multiply 

By 

To Ofitain 

Acres 

43,560 

Square feet 

Acres 

10 

Square chains 

Acre-feet 

43,560 

Cubic feet 

“ 

325,S51 

Gallons 

Arpents 

0 0 

Acres 

Atmospheres, pressuie m 

29.02 

Inches of mercury 

33.90 

Feet of water 

“ “ 

14.70 

Lbs./sq. in. 

Barrels—oil 

42 

Gallons—oil 

“ —cement 

370 

Pounds—cement 

Bags or sacks cement 

94 

*• “ 

Board-feet 

14-* sq. in. X 1 in. 

Cubic inehes 

Centimeters 

.3037 

Inches 

Cubic feet 

7.48052 

Gallons 

Cubic feet of water 

02.4 

Pounds 

Cubic feet/second 

.646317 

Million gals./day 

448.831 

Gallons 'nnn. 

#« tt “ 

1.983 

Acre feet/24 hours 

Fathoms 

6 

Feet 

Feet/second 

.6818 

Miles/hr. 

Fui longs 

.125 

Miles 

Gallons 

.1337 

Cubic feet 

Gallons, Imperial 

1.20095 

l T . S. gallons 

U. S. 

.83267 

Inqierial gallons 

Gallons water 

8.35 

Pounds of water 

Hectaies 

2.471 

Acres 

lloise-power 

33,000 

F oot-lbs./min. 

.7457 

Kilowatts 

Inches 

2.540 

Centimeters 

Kilograms 

2.20462 

Pounds 

Kilometers 

.6214 

Miles 

Labors 

1,000,000 

Square varas 

Leagues 

25,000,000 

Square varas 

Links 

7.92 

Inches 

Liters 

1.0567 

Quarts 

Width (in.) XThickmBS (in.) 
12 

Length (ft.) 

Boaid feet 

Meters 

1.094 

Yards 

Miles 

5280 

Feet 

Miles 

80 

Chains 

Miles/hr. 

Miles 'hr. 

1.467 

Feet sec. 

.8084 

Knots 

Miner’s inches 

1.5 

Cubic feet /min. 

Perches 

.25 

Gunter’s chains 

Poles 

.25 

Gunter’s chains 

Hods 

16.5 

Feet 

Hods 

.25 

Gunter’s chains 

Hods 

.025 

Furlongs 

Square miles 

640 

Acres 

* Temp. (° F) + 460 
” - 32 

1 

5'9 1 

Abs. temp. (° F) 

Temp (° C) 

Vara (Texas) 

33J 

Inehes 



TABLE II 


ACTUAL VALUES 

Ofc Till 

TRIGONOMETRIC FUNCTIONS 

1- ROM 

0° TO 90° AT INTERV YLS OF ONE MINUTE 


TO 

FIVE DECIMAL PLACES 










22 0° — Values of Trigonometric Functions — 1° [II 


H 

Sin 

Tan 

Ctn 


_i 


/ 

Era 

EE3 

■SB 


■1 

0 

.00000 

.00000 

- 

1.0000 

n 


0 

.01745 

.01746 

57.290 

.99985 

60 

1 


029 

3437.7 

000 

59 


1 

774 

775 

56.351 

984 

5M 

2 

f^ni 1 " *1 

058 

1718.9 

000 

58 


2 

803 

804 

55.442 

984 

5s 

3 

i^ni ?rl 

087 

1145.9 

000 

5: 


3 

832 

833 

54.561 

983 

57 

4 

116 

116 

859.44 

000 

56 


4 

862 

862 

53.709 

983 

50 

5 

.00145 

.00145 

687.55 

1.0000 

55 


5 

.01891 

.01891 

52.882 

.99982 

55 

6 

175 

175 

572.96 

000 

54 


6 

920 

920 

52.081 

982 

51 

7 

204 

204 

491.11 

000 

53 


7 

949 

949 

51.303 

981 

53 

8 

233 

233 

429.72 

000 

52 


8 

.01978 

.01978 

50.549 

980 

52 

9 

262 

262 

381.97 

000 

51 


9 

.02007 

.02007 

49.816 

980 

51 

10 

.00291 

.00291 

343.77 

1.0000 

E1 


10 

.02036 

.02036 

49.104 

.99979 

50 

11 

320 

320 

312.52 

.99999 

49 


11 

065 

066 

48.412 

979 

49 

12 

349 

349 

286.48 

999 

48 


12 

094 

095 

47.740 

978 

48 

13 

378 

378 

264.44 

999 

47 


13 

123 

124 

47.085 

977 

47 

14 

407 

407 

245.55 

999 

46 


14 

152 

153 

46.449 

977 

46 

16 

.00436 

.00436 

229.18 

.99999 

45 


15 

.02181 

.02182 


.99976 

45 

16 

465 

465 

214.86 

999 

44 


16 

211 

211 

45.226 

976 

44 

17 

495 

495 

202.22 

999 

43 


17 

240 

240 

44.639 

975 

43- 

18 

524 

524 

190.98 

999 

iill 


18 

269 

269 

44.066 

974 

42 

19 

553 

553 

180.93 

998 



19 

298 

298 

43.508 

974 

41 


.00582 

HM 

171.89 

.99998 

R1 


EH 

.02327 

.02328 

42.964 

.99973 


m2m 

611 

611 


998 

39 


21 

356 

357 


972 

39 

Wm 

640 

640 


998 

38 


22 

385 

386 

41.916 

972 

38 

23 

669 

669 


998 

37 


23 

414 

415 

41.411 

971 

37 

24 

698 

698 

143.24 

998 

36 


24 

443 

444 

40.917 

970 

36 

26 

.00727 

.00727 

137.51 

.99997 

35 


25 

.02472 

.02473 

40.436 

.99969 

35 

26 

756 

756 

132.22 

997 

34 


26 

501 

502 

39.965 

969 

34 

27 

785 

785 

127.32 

997 

33 


27 

530 

531 

39.506 

968 

33 

28 

814 

815 


997 

32 


28 

560 

560 

39.057 

967 

32 

29 

844 

844 


996 

31 


29 

589 

589 

38.618 

966 

31 

E3 

.00873 

.00873 

114.59 

.99996 

30 


ri 

.02618 

.02619 

38.188 

.99966 


31 

902 

902 

110.89 

996 

29 


kil 

647 

648 

37.769 

965 

29 

WF9* 

931 

931 

107.43 

996 

28 


fev-l 

676 

677 

37.358 

964 

28 

33 

960 

960 

104.17 

995 

27 


33 

705 

706 

36.956 

963 

mm 

34 

.00989 

.00989 

101.11 

995 

26 


34 

734 

735 

36.563 

963 

26 

E3 

.01018 

iUJMta 

98.218 

.99995 

25 


35 

.02763 

.02764 

36.178 


25 

36 

047 

047 

95.489 

995 

24 


36 

792 

793 

35.801 


24 

37 

076 

a 

92.908 

994 

23 


37 

821 

822 

35.431 

960 

23 

38 

105 

105 

90.463 

994 

22 


38 

850 

851 

35.070 

959 

22 

39 

134 

135 

88.144 

994 

21 


39 

879 

881 

34.715 

959 

21 

40 

.01164 

.01164 

85.940 

.99993 

20 


40 

.02908 

.02910 

34.368 

.99958 

El 

41 

193 

193 

83.844 

993 

19 


41 

938 

939 


957 

19 

42 

222 

222 

81.847 

993 

18 


m 

967 

968 


956 

18 

43 

251 

251 

79.943 

992 

17 


43 

.02996 

.02997 


955 

17 

44 

280 

280 

78.126 

992 

16 


44 

.03025 

.03026 


954 

16 

45 

.01309 


76.390 

.99991 

15 


45 

.03054 

mm 


.99953 

15 

46 

338 

338 

74.729 

991 

14 


46 

083 

084 

32.421 

952 

14 

47 

367 

367 

73.139 

991 

13 


47 

112 

114 

32.118 

952 

13 

48 

396 


71.615 

990 

EO 


48 

141 

143 


951 

12 

49 

425 

425 


990 

n 


49 

170 

172 

31.528 

950 

11 

60 

.01454 

.01455 


.99989 

10 


50 

.03199 

.03201 

31.242 

.99949 

10 

51 

483 

484 

lirJcoVI 

989 

9 


51 

228 

230 

30.960 

948 

9 

52 

513 

513 

66.105 

989 

8 


52 

257 

259 

30.683 

947 

8 

53 

542 

542 

64.858 

988 

7 


53 

286 

288 

30.412 

946 

7 

54 

571 

571 

63.657 

988 

6 


54 

316 

317 

30.145 

945 

6 

66 

.01600 

.01600 

62.499 

.99987 

5 


55 

.03345 

.03346 

29.882 

.99944 

5- 

56 

629 

629 

61.383 

987 

4 


56 

374 

376 

29.624 

943 

4- 

57 

658 

658 

60.306 

986 

3 


57 

403 

405 

29.371 

942 

3 

58 

687 

687 

59.266 

986 

2 


58 

432 

434 

29.122 

941 

2" 

59 

716 

716 

58.261 

985 

1 


59 

461 

463 

28.877 

940 

1. 

■3 

.01745 


57.290 

.99985 

0 


60 

.03490 


Em 

.99939 

MU 


Cos 

1 Ctn 

Tan 

Sin 

/ 




Era 

■TBil 

Sin 

B 


8Q° 88° 




























































II] 2° — Values of Trigonometric Functions — 3° 23 


/ 

Sin 

Tan 

Ctn 

Cos 




Sin 

Tan 

Ctn 

Cos 


0 

.03490 

.03492 

28.636 

.99939 

60 


0 

.05234 

.05241 

19.081 

.99863 

60 

1 

519 

521 

.399 

938 

59 


1 

263 

270 

18.976 

861 

59 

2 

548 

550 

28.166 

937 

58 


2 

292 

299 

.871 

860 

58 

3 

577 

579 

27.937 

936 

57 


3 

321 

32.*> 

.768 

858 

57 

4 

606 

609 

.712 

935 

56 


4 

350 

337 

.666 

857 

56 

5 

.03635 

.03638 

27.490 

.99934 

55 


5 

.05379 

.05387 

18.564 

.99855 

55 

G 

664 

667 

.271 

933 

54 


6 

408 

416 

.464 

854 

54 

7 

693 

696 

27.057 

932 

53 


7 

437 

445 

.306 

852 

53 

8 

723 

725 

26.845 

931 

52 


8 

466 

474 

.268 

851 

52 

9 

752 

754 

.637 

930 

51 


9 

495 

503 

.171 

849 

51 

10 

.03781 

.03783 

26.432 

.99929 

50 


10 

.05524 

.05533 

18.075 

.99847 

rm 

11 

810 

812 

.230 

927 

49 


11 

553 

562 

17.980 

846 

49 

12 

839 

842 

26.031 

926 

48 


12 

582 

591 

.886 

841 

48 

13 

868 

871 

25.835 

925 

47 


13 

611 

620 

.793 

842 

47 

14 

897 

900 

.642 

924 

46 


14 

640 

649 

.702 

841 

46 

15 

.03926 

.03929 

25.452 

.99923 

45 


15 

.05669 

.05678 

17.611 

.99839 

45 

1G 

955 

958 

.264 

922 

44 


16 

698 

708 

.521 

838 

44 

17 

.03984 

.03987 

25.080 

921 

43 


17 

727 

737 

.481 

830 

43 

18 

.04013 

.04016 

24.898 

919 

42 


IS 

756 

766 

.343 

834 

42 

19 

042 

046 

.719 

918 

41 


19 

785 

795 

.2.»(> 

833 

41 

20 

.04071 

.04075 

24.542 

.99917 

40 


20 

.05814 

.05824 

17.109 

WM\\ 

40 

21 

100 

104 

.368 

916 

39 


21 

844 

854 

17.084 

829 

39 

22 

129 

133 

.196 

915 

38 


22 

873 

883 

16.999 

827 

38 

23 

159 

162 

24.026 

913 

37 


23 

902 

912 

.915 

826 

37 

24 

188 

191 

23.859 

912 

36 


24 

931 

941 

.832 

824 

36 

25 

.04217 

.04220 

23.695 

.99911 

35 


25 

.05960 

.05970 


.99822 

35 

20 

246 

250 

.532 

910 

34 


26 

.05989 

.05999 

.668 

821 

34 

27 

275 

279 

.372 

909 

33 


27 

.06018 

.06029 

.587 

819 

33 

28 

304 

308 

.214 

907 

Ea 


28 

047 

058 

.507 

817 

32 

29 

333 

337 

23.058 

906 

31 


29 

076 

087 

.428 

815 

31 

30 

.04362 

.04366 

22.904 

.99905 

30 


E3 

.06105 

.06116 

16.350 

.99813 

ao 

31 

391 

395 

.752 

904 

29 


31 

134 

145 

.272 

812 

29 

32 

420 

424 

Hill 

902 

28 


32 

163 

175 

.195 

810 

28 

33 

449 

454 

.454 

901 

27 


33 

192 

204 

.119 

80S 

27 

34 

478 

483 

.308 

900 

26 


34 

221 


16.043 

806 

26 

35 

.04507 

.04512 

22.164 

.99898 

25 


35 

.06250 


15.969 

.99804 

25 

36 

536 

541 

22.022 

897 

24 


36 

279 

M£T;T 

.895 

803 

24 

37 

565 

570 

21.881 

896 

23 


37 

308 

321 

.821 

801 

23 

38 

594 

599 

.743 

894 

22 


38 

337 

350 

.748 

799 

22 

39 

623 

628 

.606 

893 

21 


39 

366 

379 

.670 

797 

21 

till 

.04653 

.04658 

21.470 

.99892 

20 


40 

.06395 

.06408 


.99795 

ED 

41 

682 

687 

.337 

890 

19 


41 

424 

438 

.534 

793 

19 

42 

711 

716 

.205 

889 

18 


42 

453 

467 

.464 

792 

18 

43 

740 

745 

21.075 

888 

17 


43 

482 

496 

.394 


17 

44 

769 

774 

20.946 

886 

16 


44 

511 

525 

.325 

788 

16 

45 

.04798 

.04803 

20.819 

.99885 

15 


45 

.06540 

.06554 

15.257 

.99786 

15 

46 

827 

833 

.693 

883 

14 


46 

569 

584 

.189 

784 

14 

47 

856 

862 

.569 

882 

13 


47 

598 

613 

.122 

782 

13 

48 

885 

891 

.446 

881 

KE1 


48 

627 

642 

15.056 

780 

12 

49 

914 

920 

.325 

879 

11 


49 

656 

671 

14.990 

778 

11 

50 

.04943 

.04949 

20.206 

.99878 

10 


50 

.06685 

.06700 

14.924 

.99776 

10 

51 

.04972 

.04978 


876 

9 


51 

714 

730 

.860 

774 

9 

52 

.05001 

.05007 

19.970 

875 

8 


52 

743 

759 

.795 

772 

8 

53 

030 

037 

.855 

873 

■rl 


53 

773 

788 

.732 

770 


54 

059 

066 

.740 

872 

■ 1 


54 

802 

817 

.669 

708 

■1 

55 

.05088 

.05095 

19.627 

.99870 

5 


55 

.06831 

.06847 

lEHilHil 

.99766 

5 

56 

117 

124 

.516 

869 

4 


56 

860 

876 

.544 

764 

4 

57 

146 

153 

.405 

867 

3 


57 

889 

905 

.482 

762 

3 

58 

175 

182 

.296 

866 

2 


58 

918 

934 

.421 

760 

2 

59 

205 

212 

.188 

864 

1 


59 

947 

963 

.361 

758 

1 

00 

.05234 

.05241 

19.081 

.99863 

0 


60 

.06976 

.06993 

14.301 

.99756 

0 

■ 

Cos 

■sg 

Ea 

■nn 

n 


■ 



vm 

mm 

n 


87° 86° 

































24 4° — Values of Trigonometric Functions — 5° pi 


n 

Sin 

Tan 

Ctn 

Cos 


H 

Sin 

Tan 

Ctn 

Cos 

i 

0 

.06976 

.06993 

14.301 

.99756 

60 

0 

.08716 

.08749 

11.430 

.99619 

60 

1 

.07005 

.07022 

.241 

754 

59 

1 

745 

778 

.392 

617 

59 

2 

034 

051 

.182 

752 

58 

2 

774 

807 

.354 

614 

58 

3 

063 

080 

.124 

750 

57 

3 

803 

837 

.316 

612 

57 

4 

092 

110 

.065 

748 

5G 

4 

831 

866 

.279 

609 

56 

5 

.07121 

.07139 

14.008 

.99746 

55 

5 

.08860 

.08895 

11.242 

.99607 

65 

6 

150 

168 

13.951 

744 

54 

(j 

889 

925 

.205 

604 

54 

7 

179 

197 

.894 

742 

53 

7 

918 

954 

.168 

602 

53 

8 

208 

227 

.838 

740 

52 

8 

947 

.08983 

.132 

599 

52 

9 

237 

250 

.782 

738 

51 

9 

.08976 

.09013 

.095 

596 

51 

10 

.07266 

.07285 

13.727 

.99736 

50 

10 

.09005 

.09042 

11.059 

.99594 

50 

11 

295 

314 

.672 

734 

49 

11 

034 

j 071 

11.024 

591 

49 

12 

324 

344 

.617 

731 

48 

12 

063 

101 

10.988 

588 

48 

13 

353 

373 

.563 

729 

47 

13 

092 

130 

.953 

580 

47 

14 

382 

402 

.510 

727 

46 

14 


159 

.918 

583 

46 

15 

.07411 

.07421 

13.457 

.99725 

45 

15 

.09150 

.09189 

10.883 

.99580 

45 

1G 

440 

461 

.404 

723 

44 

16 

179 

218 

.848 

578 

44 

17 

469 

490 

.352 

721 

43 

17 

208 

247 

.814 

575 

43 

18 

498 

519 

.300 

719 

42 

18 

237 

277 

.780 

572 

42 

19 

527 

548 

.248 

716 

41 

19 

266 

306 

.746 

570 

41 


.07556 

.07578 

13.197 

.99714 

40 

K53 

.09295 

.09335 

10.712 

.99567 

40 

21 

585 

607 

.146 

712 

39 

21 

324 

365 

.678 

564 

39 

22 


63G 

.096 

7 lO 

38 

22 

353 

394 

.645 

562 

38 

23 

643 

665 

13.046 

70S 

37 

23 

382 

423 

.612 

559 

37 

24 

672 

695 

12.996 

70.0 

36 

24 

411 

453 

.579 

556 

36 

25 

.07701 

.07724 

12.947 

.99703 

35 

25 

.09440 

.0948° 

10.546 

.99553 

36 

26 

730 

753 

.898 

701 

34 

26 

469 

511 

.514 

551 

34 

27 

759 

782 

.850 

699 

33 

27 

498 

541 

.481 

548 

33 

28 

788 

812 

.801 

69G 

32 

28 

527 

570 

.440 

545 

32 

29 

817 

811 

.754 

694 

31 

29 

556 

600 

.417 

542 

31 

30 

.07846 

.07870 

12.706 

.99692 

E3 

30 

.09585 

.09629 

10.385 

.99540 

EH 

31 

875 

899 

.659 

689 

29 

31 

614 

658 

.354 

537 

29 

32 

904 

929 

.612 

687 

28 

32 

642 

688 

.322 

534 

28 

33 

933 

958 

.566 

685 

27 

33 

671 

71 4 

.291 

531 

27 

34 

962 

.07987 

.520 

683 

26 

34 

700 

74G 

.260 

528 

26 

35 

.07991 

| .08017 

12.474 

.99680 

25 

35 

.09729 

.09776 

10.229 

.99526 

25 

30 

.08020 

046 

.429 

678 

24 

36 

758 

805 

.199 

523 

24 

37 

049 

075 

.384 

676 

23 

37 

787 

834 

.168 

520 

23 

38 

078 

104 

.339 

673 

22 

38 

816 

8G4 

.138 

517 

22 

39 

107 

134 

.295 

671 

21 

.39 

845 

893 

.108 

514 

21 

40 

.08136 

.08163 

12.251 

.99668 

20 

40 

.09874 

.09923 

10.078 

.99511 

Eu 

41 

165 

192 

.207 

666 

19 

41 

903 

952 

.048 

508 

19 

42 

194 

221 

.163 

661 

IS 

42 

932 

.09981 

io.no 

506 

18 

43 

223 

251 

.120 

661 

17 

43 

961 

.10011 

9.9893 

503 

17 

44 

252 

280 

.077 

659 

16 

44 

.09990 

040 

.9601 

500 

16 

45 

.08281 

.08309 

12.035 

.99657 

15 

45 

.10019 

.10069 

9.9310 

.99497 

15 

46 

310 

339 

11.992 

654 

14 

46 

048 

099 

.9021 

494 

14 

47 

339 

368 

.950 

652 

13 

47 

077 

128 

.8734 

491 

13 

48 

36S 

397 

.909 

649 


48 

106 

158 

.8448 

488 

12 

49 

397 

427 

.867 

647 

ii 

49 

135 

187 

.8164 

485 

11 

50 

.08426 

.08456 

11.826 

.99644 

10 

eh 

.10164 

.10216 

9.7882 

.99482 

10 

51 

455 

485 

.785 

642 

9 

51 

192 

246 

.7601 

479 

9 

52 

484 

514 

.745 

639 

8 

52 

221 

275 

.7322 

476 

8 

53 

513 

544 

.705 

637 

7 

53 

250 

305 

.7044 

473 

7 

54 

542 

573 

.664 

635 

6 

54 

279 

334 

.6768 

470 

6 

55 

.08571 

.08602 

11.625 

.99632 

5 

55 

.10308 

.10363 

9.6493 

.99467 

5 

56 


632 

.585 

630 

4 

56 

337 

393 

.6220 

464 

4 

57 

629 

661 

.546 

627 

3 

57 

366 

422 

.5949 

461 

3 

58 

658 

690 

.507 

625 

2 

58 

395 

452 

.5679 

458 

2 

59 

687 

720 

.468 

622 

1 

59 

424 

481 

.5411 

455 

1 

60 

.08716 

.08749 

11.430 

.99619 

El 

■3 

.10453 

.10510 

9.5144 

.99452 

0 

■ 

Cos 


Tan 

Sin 

m 

1 

Cos 

Ctn 

Tan 

Sin 

/ 


85° 84° 
















.tJllOniV 


.10433 
11 4S2 

511 
540 
509 
61.10597 
61 620 
655 
684 
713 
.10742 
771 
800 
829 
858 
.10887 
916 
945 
.10973 
.11002 
.11031 
060 
089 
118 

24 147 

25 .11176 

26 205 

27 234 

28 263 

29 291 
.11320 

31 349 

32 378 

33 407 

34 436 

35 .11465 

36 494 

37 523 

38 552 

39 580 
.11609 

41 638 

42 667 

43 696 

44 725 

45 .11754 

46 783 

47 812 

48 840 

49 869 

50 .11898 

51 927 

52 956 

53 .11985 

54 .12014 

55 .12043 

56 071 

57 100 

58 129 

59 158 

60 .12187 




12278 8.1443 


.99452 

60 

449 

59 

446 

58 

443 

57 

440 

50 

.99437 

55 

434 

54 

431 

53 

428 

52 

424 

51 

.99421 

50 

418 

49 

415 

48 

412 

47 

409 

46 

.99406 

45 

402 

44 

399 

43 

396 

42 

393 

41 

.99390 

40 

386 

39 

3 S3 

38 

380 

37 

377 

36 

.99374 

35 

370 

34 

367 

33 

364 

32 

360 

31 

.99357 

30 

354 

29 

351 

2S 

347 

27 

344 

26 

.99341 

25 

337 

24 

334 

23 

331 

22 

327 

21 

.99324 

20 

320 

19 

317 

18 

314 

17 

310 

16 

.99307 

15 

303 

14 

300 

13 

297 

12 

293 

11 

.99290 

10 

286 

9 

283 

8 

279 

7 

276 

6 

.99272 

5 

269 

4 

265 

3 

262 

2 

258 

1 

.99255 

0 




781 .8243 

810 .800L 

840 .7882 



222 

51 

.99219 

50 

215 

49 

211 

48 

208 

:7 

201 

46 

.99200 

45 

197 

44 

193 

43 

189 

42 

186 

41 

.99182 

40 

178 

39 

175 

38 

171 

37 

167 

36 

.99163 

35 

160 

34 

150 

33 

152 

32 

148 

31 

.99144 

30 

141 

29 

137 

28 

133 

27 

129 

26 

.99125 

25 

122 

24 

118 

23 

114 

22 

110 

21 

.99106 

20 

102 

19 

098 

18 

094 

17 

091 

.16 


































26 8® — Values of Trigonometric Functions — 9° [n 


/ 

Sin 

Tan 

Ctn 

Cos 



/ 

Sin 

Tan 

Ctn 

Cos 

“1 

0 

.13917 

.14054 

7.1154 

.99027 

60 


0 

.15643 

.15838 

6.3138 

.98769 

60 

1 

946 

084 

.1004 

023 

59 


1 

672 

868 

.3019 

764 

59 

2 

.13975 

113 

.0855 

019 

58 


2 

701 

898 

.2901 

760 

5.8 

3 

.14004 

143 

.0706 

015 

57 


3 

730 

928 

.2783 

755 

57 

4 

033 

173 

.0558 

Oil 

56 


4 

758 

958 

.2666 

751 

56 

5 

.14061 

.14202 

7.0410 

.99006 

55 


5 

.15787 

.15988 

6.2549 

.98746 

55 

6 

090 

232 

.0264 

.99002 

54 


6 

816 

.16017 

.2432 

741 

54 

7 

119 

262 

7.0117 

.98998 

53 


7 

845 

047 

.2316 

737 

53 

8 

148 

291 

6.9972 

994 

52 


8 

873 

077 

.2200 

732 

52 

9 

177 

321 

.9827 

990 

51 


9 

902 

107 

.2085 

728 

51 

10 

.14205 

.14351 

6.9682 

.98986 

E3 


10 

.15931 

.16137 

6.1970 

.98723 

50 

11 

234 

3S1 

.9538 

982 

49 


11 

959 

167 

.1856 

718 

49 

12 

263 

410 

.9395 

978 

48 


12 

.15988 

196 

.1742 

714 

48 

13 

292 

440 

.9252 

973 

47 


13 

.16017 

226 

.1628 

709 

47 

14 

320 

470 

.9110 

969 

46 


14 

046 

256 

.1515 

704 

46 

15 

.14349 

.14499 

6.8969 

.98965 

45 


15 

.16074 

.16286 

6.1402 

.98700 

45 

10 

378 

529 

.8828 

961 

44 


16 

103 

316 

.1290 

695 

44 

17 

407 

559 

.8687 

957 

43 


17 

132 

346 

.1178 

690 

43 

18 

436 

588 

.8548 

953 

42 


18 

160 

376 

.1066 

686 

42 

19 

464 

61S 

.8408 

948 

41 


19 

189 

405 

.0955 

681 

41 

20 

.14493 

.14648 

6.8269 

.98944 

40 


20 

.16218 

.16435 

6.0844 

.98676 

40 

21 

522 

678 

.8131 

940 

39 


21 

246 

465 

.0734 

671 

39 

22 

551 

707 

.7994 

936 

38 


22 

275 

495 

.0624 

667 

38 

23 

580 

737 

.7856 

931 

37 


23 

304 

525 

.0514 

662 

37 

24 

608 

767 

.7720 

927 

36 


24 

333 

555 

.0405 

657 

36 

25 

.14637 

.14796 

6.7584 

.98923 

35 


25 

.16361 

.16585 

6.0296 

.98652 

35 

26 

666 

826 

.7448 

919 

34 


26 

390 

615 

.0188 

648 

34 

27 

695 

856 

.7313 

914 

33 


27 

419 

645 

6.0080 

643 

33 

28 

723 

886 

.7179 

910 

32 


28 

447 

674 

5.9972 

638 

32 

29 

752 

915 

.7045 

906 

31 


29 

476 

704 

.9865 

633 

31 

ao 

.14781 

.14945 

6.6912 

.98902 

Ejj 


EJ 

.16505 

.16734 

5.9758 

.98629 

30 

31 

810 

.14975 

.6779 

897 

29 


31 

533 

764 

.9651 

624 

29 

32 

838 

.15005 

.6646 

893 

28 


32 

562 

794 

.9545 

619 

28 

33 

867 

034 

.6514 

889 

27 


33 

591 

824 

.9439 

614 

27 

34 

896 

064 

.6383 

884 

26 


34 

620 

854 

.9333 

609 

26 

35 

.14925 

.15094 

6.6252 

.98880 

25 


35 

.16648 

.16884 

5.9228 

.98604 

25 

36 

954 

124 

.6122 

876 

24 


36 

677 

914 

.9124 

600 

24 

37 

.14982 

153 

.5992 

871 

23 


37 

706 

944 

.9019 

595 

23 

38 

.15011 

183 

.5863 

867 

22 


38 

734 

.16974 

.8915 

590 

22 

39 

040 

213 

.5734 

863 

21 


39 

763 

.17004 

.8811 

585 

21 

40 

.15069 

.15243 

6.5600 

.98858 

20 


40 

.16792 

.17033 

5.8708 

.98580 

20 

41 

097 

272 

.5478 

854 

19 


41 

820 

063 

.8605 

575 

19 

42 

126 

302 

.5350 

849 

18 


42 

849 

093 

.8502 

570 

18 

43 

155 

332 

.5223 

845 

17 


43 

878 

123 

.8400 

565 

17 

44 

184 

362 

.5097 

841 

16 


44 

906 

153 

.8298 

561 

16 

45 

.15212 

.15391 

6.4971 

.98836 

15 


45 

.16935 

.17183 

5.8197 

.98556 

15 

46 

241 

K ] 

.4846 

832 

14 


46 

964 

213 

.8095 

551 

14 

47 

270 


.4721 

827 

13 


47 

.16992 

243 

.7994 

546 

13 

48 

299 

Bl 

.4596 

823 

12 


48 

.17021 

273 

.7894 

541 

12 

49 

327 


.4472 

818 

11 


49 

050 

303 

.7794 

536 

11 

50 

.15356 

.15540 

6.4348 

.98814 

10 


50 

.17078 

.17333 

5.7694 

.98531 

10 

51 

385 

570 

.4225 

809 

9 


51 

107 

363 

.7594 

526 

9 

52 

414 

600 

.4103 

805 

8 


52 

136 

393 

.7495 

521 

8 

53 

442 

630 

.3980 

800 

7 


53 

164 

423 

.7396 

516 

7 

54 

471 

660 

.3859 

796 

6 


54 

193 

453 

.7297 

511 

6 

55 

.15500 

.15689 

6.3737 

.98791 

5 


55 

.17222 

.17483 

5.7199 

.98506 

5 

56 

529 

719 

.3617 

787 

4 


56 

250 

513 

.7101 

501 

4 

57 

557 

749 

.3496 

782 

3 


57 

279 

543 

.7004 

496 

3 

58 

586 

779 

.3376 

778 

2 


58 

308 

573 

.6906 

491 

2 

59 

615 

809 

.3257 

773 

1 


59 

336 

603 

.6809 

486 

1 

eo 

.15643 

.15838 

6.3138 

.98769 

0 


60 

.17365 

.17633 

5.6713 

.98481 

0 

■ 

Cos 

Ctn 

Tan 

Sin 

/ 



Cos 

Ctn 

Tan 

Sin 

H 


«i° an° 











08163 60 
157 59 
152 58 
146 57 
140 56 
98135 55! 
129 54 
124 53 
118 52 
112 51 
98107 60 
101 49 
096 48 
090 47 
084 46 
98079 46 
073 44 
067 43 
061 42 
056 41 
.98050 40 
044 39 
039 38 
033 37 
027 36 
.98021 35 
016 34 
010 33 
.98004 32 
.97998 31 
.97992 30 
987 20 
981 28 
975 27 
969 26 
.97963 25 
958 24 
952 23 
946 22 
940 21 
.97934 20 
928 19 
922 18 
916 17 
910 16 
.97905 15 
8991 14 

























8 12° — Values of Trigonometric Functions —13° 

I Sin I Tan I Ctn T Cos I | 


.21256 4.7040 


41 | 

42 

43 

44 041 

45 .22070 

46 09S 

47 126 

48 155 

49 183 

50 .22212 

51 240 


.22781 

811 

842 

872 

903 

.22934 

964 

.22995 

.23026 

056 


.23087 4.3315 


.97815 60 
809 59 
803 58 
797 57 
791 56 
.97784 55 
778 54 
772 53 
766 52 
760 51 
.97754 
748 49 
742 48 
735 47 
729 46 
.97723 45 
717 44 
711 43 
705 42 
698 41 
.97692 40 
686 39 
680 38 
673 37 
667 36 
.97661 35 
655 34 
618 33 
642 32 
636 31 
.97630 
623 29 
617 28 
611 27 
604 26 
.97598 25 
592 24 
585 23 
579 22 
573 21 
.97566 
560 
553 
547 
541 
.97534 
528 
521 
515 
508 
.97502 
496 
489 
483 
476 
.97470 
463 
457 
450 
444 
.97437 
Sin 1 


16 

15 

14 

13 

12 

11 

10 

9 

8 

7 




Sin 

Tan 

.22495 

.23087 

523 

117 

552 

14S 

580 

179 

008 

209 

.22637 

.23240 

665 

271 

693 

301 

722 

332 

750 

363 

.22778 

.23393 

807 

421 

835 

455 

803 

4S5 

892 

516 

.22920 

.23547 

948 

57S 

.22977 

608 

.23005 

639 

033 

G70 

.23062 

.23700 

090 

731 

118 

762 

146 

793 

175 

823 

.23203 

.23854 

231 

885 

2G0 

916 

2S8 

946 

316 

.23977 

.23345 

.24008 

373 

039 

401 

069 

429 

100 

458 

131 

.23486 

.24162 

514 

193 

542 

223 

571 

251 

599 

285 

.23627 

.24316 

(556 

317 

6S4 

377 

712 

408 

740 

439 

.23769 

.24470 

797 

501 

825 

532 

853 

5G2 

882 

593 

.23910 

.24624 

938 

655 

906 

686 

.23995 

717 

.24023 

747 

.24051 

.24778 

079 

809 

108 

840 

136 

871 

164 

902 

.24192 

.24933 



437 
430 

424 58 
417 57 
411 56 
.97404 55 
398 54 



.97371 50 
365 49 
358 48 
351 47 
345 46 
.97338 45 
331 44 
325 43 
318 42 
311 41 
.97304 40 
298 39 
291 38 
281 37 
278 36 
.97271 35 
264 34 
257 33 
251 32 
244 31 
.97237 30 
230 29 
223 28 
217 27 
210 26 
.97203 25 
196 24 
189 23 
182 22 
176 21 
.97169 20 
162 19 
155 18 
148 17 
141 16 
.97134 15 
127 14 
120 13 
113 12 
106 11 
.97100 10 
093 9 

086 8 
079 7 

072 6 

.97065 5 

058 4 

051 3 

044 2 

037 1: 

97030 0 


S 










































II] 14® — Values of Trigonometric Functions —15® 29 


m 

Sin 

Tan 

Ctn 

Cos 



t 

Sin 

Tan 

Ctn 

Cos 


0 

.24192 

.24933 

4.0108 

.97030 

60 


0 

.25882 

.26795 

3.7321 

.96593 

60 

1 

220 

964 

.0058 

023 

59 


1 

910 

826 

.7277 

585 

59 

2 

249 

.24993 

4.0009 

015 

58 


2 

938 

857 

.7234 

578 

58 

3 

277 

.25026 

3.9939 

008 

57 


3 

966 

888 

.7191 

570 

57 

4 

305 

056 

.9910 

.97001 

56 


4 

.25994 

920 

.7148 

562 

56 

5 

.24333 

.250S7 

3.9861 

.96994 

55 


5 

.26022 

.26951 

3.7105 

.96555 

65 

6 

362 

118 

.9812 

987 

54 


6 

050 

.26982 

.7002 

517 

54 

7 

390 

149 

.9763 

980 

53 


7 

079 

.27013 

.7019 

540 

53 

8 

418 

180 

.9714 

973 

52 


8 

107 

044 

.6976 

532 

52 

9 

446 

211 

.9665 

966 

51 


9 

135 

076 

.6933 

524 

51 

10 

.24474 

.25242 

3.9617 

.96959 

50 


10 

.26163 

.27107 

3.6891 

.96517 

50 

11 

503 

273 

.9568 

952 

49 


11 

191 

138 

.6848 

509 

49 

12 

531 

304 

.9520 

915 

48 


12 

219 

169 

.0806 

502 

48 

13 

559 

335 

.9471 

937 

47 


13 

247 

201 

.6761 

494 

47 

14 

587 

360 

.9423 

930 

46 


14 

275 

232 

.6722 

486 

46 

15 

.24615 

.25397 

3.9375 

.96923 

45 


15 

.26303 

.27263 

3.6C >•) 

.90479 

45 

16 

644 

428 

.9327 

916 

44 


16 

331 

294 

.0638 

471 

44 

17 

672 

459 

.9279 

909 

43 


17 

359 

326 

.6. *96 

463 

43 

18 

700 

490 

.9232 

902 

42 


IS 

387 

357 

.6551 

450 

42 

19 

728 

521 

.9181 

891 

41 


19 

415 

388 

.6512 

448 

41 

20 

.24756 

.25552 

3.9136 

.96887 

40 


20 

.26443 

.27419 

3.6470 

.90440 

40 

21 

784 

583 

.9089 

880 

39 


21 

471 

451 

.6429 

433 

39 

22 

813 

611 

.9012 

873 

38 


22 

500 

482 

.6387 

425 

38 

23 

841 

615 

.8995 

806 

37 


23 

52 S 

513 

.0346 

417 

37 

24 

869 

676 

.8947 

858 

36 


24 

556 

545 

.6305 

410 

36 

25 

.24897 

.25707 

3.8900 

.96851 

35 


25 

.20584 

.27570 

3.6264 

.96402 

35 

26 

925 

73S 

.8851 

811 

31 


2G 

G12 

607 

.6222 

394 

34 

27 

951 

769 

.8807 

837 

33 


27 

610 

638 

.6181 

386 

33 

28 

.2498^ 

800 

.8760 

829 

32 


28 

668 

070 

.6140 

379 

32 

29 

.25010 

831 

.8714 

822 

31 


29 

690 

701 

.6100 

371 

31 

30 

.25038 

.25862 

3.8667 

.96815 

30 


30 

.26724 

.27732 

3.6059 

.96363 

30 

31 

060 

893 

.8621 

807 

29 


31 

752 

761 

.6018 

355 

29 

32 

094 

921 

.8575 

800 

28 


32 

780 

795 

.5978 

347 

28 

33 

122 

955 

.8528 

793 

27 


33 

808 

826 

.5937 

340 

27 

34 

151 

.25986 

.8182 

786 

26 


34 

836 

858 

.5897 

332 

26 

35 

.25179 

.26017 

3.8436 

.96778 

25 


35 

.26864 

.27889 

3.5856 

.90324 

25 

36 

207 

04 S 

.8391 

771 

24 


36 

892 

921 

.5816 

316 

'JA 

37 

235 

079 

.8315 

761 

23 


37 

920 

952 

.5776 

308 

23 

38 

203 

110 

.8299 

756 

22 


38 

918 

.27983 

.5736 

301 

22 

39 

291 

141 

.8254 

1 749 

21 


39 

.26976 

.28015 

.5690 

293 

21 

40 

.25320 

.26172 

3.8208 

.96742 

20 


40 

.27001 

.28016 

3.5656 

.96285 

20 

41 

318 

203 

.8163 

731 

19 


41 

032 

077 

.5616 

277 

19 

42 

376 

233 

.8118 

727 

18 


*12 

060 

109 

.5570 

269 

18 

43 

401 

266 

.8073 

719 

17 


43 

088 

140 

.5536 

261 

17 

44 

432 

297 

.8028 

712 

16 


44 

116 

172 

.5197 

253 

1G 

45 

.25460 

.26328 

3.7983 

.96705 

15 


45 

.27144 

.28203 

3.5457 

.96246 

15 

46 

4 88 

! 359 

.7938 

697 

14 


46 

172 

234 

.5118 

238 

14 

47 

516 

390 

.7893 

690 

13 


47 

200 

200 

.5379 

230 

13 

48 

545 

421 

.7848 

682 

12 


48 

228 

297 

.5339 

222 

12 

49 

573 

432 

.7804 

675 

11 


49 

256 

329 

.5300 

214 

11 

50 

.25601 

.26483 

3.7760 

.966G7 

10 


50 

.27284 

.28360 

3.5261 

.96206 

10 

51 

629 

515 

.7715 

060 

9 


51 

312 

391 

.5222 

198 

9 

52 

657 

516 

.7071 

653 

8 


52 

310 

423 

.5183 

190 

8 

53 

685 

577 

.7627 

615 

7 


53 

368 

454 

.5144 

182 

7 

54 

713 

608 

.7583 

038 

G 


54 

396 

486 

.5105 

174 

6 

55 

.25741 

.26639 

3.7539 

.96630 

5 


55 

.27424 

.28517 

3.5067 

.96166 

6 

56 

769 

670 

.7495 

623 

4 


56 

452 

549 

.5028 

158 

4 






*4 


57 

480 

580 

.4989 

150 

3 

57 

58 

iwr 

826 

733 

l740Sj 

608 

O 

2 


58 

508 

612 

*.4951 

142 

2 

59 

854 

764 

.7364 

600 

1 


59 

536 

643 

.4912 

134 

1 

60 

.25882 

.26795 

3.7321 

.96593 

0 


E3 

.27564 

.28675 

3.4874 

.96126 


n 

Cos 

Ctn 

Tan 

Sin 

' 

r 

Cos 

Ctn 

Mill! 

Sin 

M 


*7 j O 









30 16° — Values of Trigonometric Functions —17° pi 


JJ 

Sin 

Tan 

Ctn 

Cos 



/ 

Sin 

Tan 

Ctn 

Cos 


FI 

.27564 

.28675 

3.4874 

.96126 1 

w 


6 

.29237 

.30573 

3.2709 

.95630 

60 

1 

592 

706 

.4836 

118 

59 


i 

265 

605 

.2675 

622 

59 

2 

620 

738 

.4798 

110 

58 


2 

293 

637 

.2641 

613 

58 

3 

648 

769 

.4760 

102 

57 



321 

669 

.2607 

605 

57 

4 

676 

801 

.4722 

094 

56 



348 

700 

.2573 

596 

56 

5 

.27704 

.28832 

3.4684 

.96086 

55 



.29376 

.30732 

3.2539 

.95588 

55 

6 

731 

864 

.4646 

078 

54 



404 

764 

.2506 

579 

54 

7 

759 

895 

.4608 

070 

53 



432 

796 

.2472 

571 

53 

8 

787 

927 

.4570 

002 

52 



460 

828 

.2438 

562 

52 

9 

815 

958 

.4533 

054 

61 1 


9 

487 

860 

.2405 

554 

51 

10 

.27843 

.28990 

3.4495 

.96046 

50 


10 

.29515 

.30891 

3.2371 

.95545 

50 

11 

871 

.29021 

.4458 

037 

49 


11 


923 

.2338 

536 

49 

12 

899 

053 

.4420 

029 

48 


12 

* 

955 

.2305 

528 

48 

13 

927 

084 

.4383 

021 

47 


13 


.30987 

.2272 

519 

47 

14 

955 

116 

.4346 

013 

46 


14 


.31019 

.2238 

511 

46 

15 

.27983 

.29147 

3.4308 

.96005 

45 


15 

.29654 

.31051 

3.2205 

.95502 

45 

16 

.28011 

179 

.4271 

.95997 

44 


16 

682 

083 

.2172 

493 

44 

17 

039 

210 

.4234 

989 

43 


17 

WU] 

115 

.2139 

485 

43 

18 

067 

242 

.4197 

981 

42 


18 


147 

.2106 

476 

42 

19 

095 

274 

.4160 

972 

41 


19 

iHii? 

178 

.2073 

467 

41 

20 

.28123 

.29305 

3.4124 

.95964 

40 


20 

.29793 

.31210 

3.2041 

.95459 

40 

21 

150 

337 

.4087 

956 

39 


21 

821 

242 

.2008 

450 

39 

22 

178 

368 

.4050 

948 

38 


22 

849 

274 

.1975 

441 

38 

23 

206 

400 

.4014 

940 

37 


23 

876 

306 

.1943 

433 

37 

24 

234 

432 

.3977 

931 

36 


24 

904 

338 

.1910 

424 

36 

25 

.28262 

.29463 

3.3941 

.95923 

35 


25 

.29932 

.31370 

3.1878 

.95415 

35 

26 

290 

495 

.3904 

915 

31 


26 

960 

402 

.1845 

407 

34 

27 

318 

526 

.3868 

907 

33 


27 

.29987 

434 

.1813 

398 

33 

28 

346 

558 

.3832 

898 

32 


28 

.30015 

466 

.1780 

389 

32 

29 

374 

590 

.3796 

890 

31 


29 

043 

498 

.1748 

380 

31 

30 

.28402 

.29621 

3.3759 

.95882 

30 


30 

.30071 

.31530 

3.1716 

.95372 

30 

31 

429 

653 

.3723 

874 

29 


31 

098 

562 

.1684 

363 

29 

32 

457 

685 

.3687 

865 

28 


32 

126 

594 

.1652 

354 

28 

33 

485 

716 

.3652 

857 

27 


33 

154 

626 

.1620 

345 

27 

34 

513 

748 

.3016 

849 

;26 


34 

182 

658 

.1588 

337 

26 

35 

.28541 

.29780 

3.3580 

.95841 

25 


35 

.30209 

.31690 

3.1556 

.95328 

25 

36 

569 

811 

.3544 

832 

24 


36 

237 

722 

.1524 

319 

24 

37 

597 

843 

.3509 

824 

23 


37 

265 

754 

.1492 

310 

23 

38 

625 

875 

.3473 

816 

22 


38 

292 

786 

.1460 

301 

22 

39 

652 

906 

.3438 

807 

21 


39 

320 

818 

.1429 

293 

21 

40 

.28680 

.29938 

3.3402 

.95799 

20 


40 

.30348 

.31850 

3.1397 

.95284 

20 

41 

708 

.29970 

.3367 

791 

19 


41 

376 

882 

.1366 

275 

19 

42 

736 

.30001 

.3332 

782 

18 


42 

403 

914 

.1334 

266 

18 

43 

764 

033 

.3297 

774 

17 


43 

431 

946 

.1303 

257 

17 

44 

792 

065 

.3261 

766 

16 


44 

459 

.31978 

.1271 

248 

16- 

45 

.28820 

.30097 

3.3226 

.95757 

15 


45 

.30486 

.32010 

3.1240 

.95240 

15 

46 

847 

128 

.3191 

749 

14 


46 

514 

042 

.1209 

231 

14 

47 

875 

160 

.3156 

740 

13 


47 

542 

074 

.1178 

222 

13 

48 

903 

192 

.3122 

732 

12 


48 

570 

106 

.1146 

213 

12 

49 

931 

224 

.3087 

724 

11 


49 

597 

139 

.1115 

204 

11 

50 

.28959 

.30255 

3.3052 

.95715 

10 


50 

.30625 

.32171 

3.1084 

.95195 

10 

51 

.28987 

287 

.3017 

707 

9 


51 

653 

203 

.1053 

186 

9 

52 

.29015 

319 

.2983 

698 

8 


52 

680 

235 

.1022 

177 

8 

53 

012 

351 

.2948 

690 

7 


53 

708 

267 

.0991 

168 

7 

54 

070 

382 

.2914 

681 

6 


54 

736 

299 

.0961 

159 

6 

65 

.29098 

.30414 

3.2879 

.95673 

5 


55 

.30763 

.32331 

3.0930 

.95150 

5 

56 

126 

446 

.2845 

664 

4 


56 

791 

363 

.0899 

142 

4 

57 

154 

478 

.2811 

656 

3 


57 

819 

396 

.0868 

133 

3 

58 

182 

509 

.2777 

647 

2 


58 

846 

428 

.0838 

124 

2 

59 

209 

541 

.2743 

639 

1 


59 

874 

460 

.0807 

115 

1 

00 

.29237 

.30573 

3.2709 

.95630 

E 


60 

.30902 

.32492 

3.0777 

.95106 

0 

■ 

Cos 

Cln 

Tan 

Sin I 

' 


Cos 

Ctn 

Tan 

Sin 

K» 


73° 72° 
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11 ] 18° — Values of Trigonometric Functions —19® 


■ 

Sin 

Tan 

Ctn 

Co* 1 

II 

■S3X! 

ia 

■391 

■*!!1 

■ 

0 

.30902 

.32492 

3.0777 

.95106 

60 


0 

.32557 

.34433 

2.9042 

.94552 

P3 

1 

929 

524 

.0740 

097 

59 


1 

584 

465 

.9015 

542 

59 

2 

957 

556 

.0716 

088 

58 


2 

612 

498 

.8987 

533 

58 

3 

.30985 

58S 

.0686 

079 

57 


3 

639 

530 

.8960 

523 

57 

4 


621 

.0655 

070 

56 


4 

667 

563 

.8933 

514 

56 

5 

.31040 

.32653 

3.0625 

.95061 

55 


5 

.32694 

.34596 

2.8905 

.94504 

66 

G 


685 

.0595 

052 

54 


6 


628 

.8878 

495 

54 

7 

^nTTT 

717 

.0565 

043 

53 


7 

749 

661 

.8851 

485 

53 

8 

H^Brr? 

749 

.0535 

033 

52 


8 

777 

693 

.8824 

476 

52 

9 

S^BTj 

782 

.0505 

024 

51 


9 

804 

726 

.8797 

466 

51 

10 

.31178 

.32814 

3.0475 

.95015 

50 


10 

.32832 

.34758 

2.8770 

.94457 

60 

11 

206 

846 

.0445 

.95006 

49 


11 

859 

791 

.8743 

447 

49 

12 

233 

878 

.0415 

.94997 

48 


12 

887 

824 

.8716 

438 

48 

13 

261 

911 

.0385 

988 

47 


13 

914 

856 

.8689 

428 

47 

14 

289 

943 

.0356 

979 

46 


14 

942 

889 

.8662 

418 

46 

15 

.31316 

.32975 

3.0326 

.94970 

45 


15 

.32969 

.34922 

2.8036 

.94409 

46 

16 

344 

.33007 

.0296 

961 

44 


16 

.32997 

954 

.8609 

399 

44 

17 

372 


.0267 

952 

43 


17 

.33024 

.34987 

.85*2 

390 

43 

18 

399 

072 

.0237 

943 

42 


18 

051 

.35020 

.8556 

380 

42 

19 

427 

IS it!! 

.0208 

933 

41 


19 

079 

052 

.8f 29 

370 

41 

20 

.31454 

.33136 

3.0178 

.94924 

40 


Ea 

.33106 

.35085 

2.8502 

.94361 

40 

21 

482 

169 

.0149 

915 

39 


a 

134 

118 

.8476 

351 

39 

22 

510 

KUTl 

.0120 

906 

38 


22 

161 

150 

.8449 

342 

38 

23 

537 

233 

.0090 

897 

37 


23 

189 

183 

.8423 

332 

37 

24 

565 

260 

.0061 

888 

36 


24 

216 

216 

.8397 

322 

36 

25 

.31593 

.33298 

3.0032 

.94878 

35 


25 

.33244 

.35248 

2.8370 

.94313 

36 

26 

620 

330 

3.0003 

869 

34 


26 

271 

281 

.8344 

303 

34 

27 

648 

363 

2.9974 

860 

33 


El 

298 

314 

.8318 

293 

33 

28 

675 

395 

.9945 

851 

32 


28 

326 

346 

.8291 

284 

32 

29 

703 

427 

.9916 

842 

31 


29 

353 

379 

.8265 

274 

31 

m 

.31730 

.33460 

2.9887 

.94832 

30 


30 

.33381 

.35412 

2.8239 

.94264 

30 

31 

758 

492 

.9858 

823 

29 


31 

408 

445 

.8213 

254 

29 

32 

786 

524 

.9829 

814 

28 


32 

436 

477 

.8187 

245 

28 

33 

813 

557 

.9800 

805 

27 


33 

463 

510 

.8161 

235 

27 

34 

841 

589 

.9772 

795 

26 


34 

490 

543 

.8135 

225 

26 

35 

.31868 

.33621 

2.9743 

.94786 

25 


35 

.33518 

.35576 

2.8109 

.94215 

E3 

36 

896 

654 

.9714 

777 

24 


36 

545 

60S 

.8083 

206 

24 

37 

923 

686 

.9686 

768 

23 


37 

573 

641 

.8057 

196 

23 

38 

951 

718 

.9657 

758 

22 


38 

600 

674 

.8032 

186 

22 

39 

.31979 

751 

.9629 

749 

21 


39 

627 

707 

.8006 

176 

21 

m 


.33783 

2.9600 

.94740 

20 



.33655 

.35740 

2.7980 

.94167 

20 

41 

034 

816 

.9572 

730 

19 


41 

682 

772 

.7955 

157 

19 

42 

061 

848 

.9544 

721 

18 


42 

710 

805 

.7929 

147 

18 

43 

089 

881 

.9515 

712 

17 


43 

737 

&38 

.7903 

137 

17 

44 

116 

913 

.9487 

702 

16 


44 

764 

871 

.7878 

127 

16 

45 

.32144 

.33945 

2.9459 

.94693 

15 


45 

.33792 

.35904 

2.7852 

.94118 

15 

46 

171 

.33978 

.9431 

684 

14 


46 

819 

937 

.7827 

108 

14 

47 

199 

.34010 

.9403 

674 

13 


47 

84G 

.35969 

.7801 

098 

13 

48 

227 

043 

.9375 

665 

12 


48 

874 

.36002 

.7776 

088 

12 

49 

254 

075 

.9347 

656 

11 


49 

901 

035 

.7751 

078 

11 

50 


.34108 

2.9319 

.94646 

10 


0 

.33929 

.36008 

2.7725 

.94068 

10 

51 

309 

140 

.9291 

637 

9 


a 

956 

101 

.7700 

058 

9 

52 

337 

173 

.9263 

627 

8 


m 

.33983 

134 

.7075 

049 

8 

53 

364 

205 

.9235 

618 

7 


53 

.34011 

167 

.7650 

039 

7 

54 

392 

238 

.9208 

609 

6 


54 

038 

199 

.7625 

029 

6 

55 

.32419 

.34270 

2.9180 

.94599 

5 


55 

.34065 

.36232 

2.7600 

.94019 

6 

56 

447 

303 

.9152 

590 

4 


56 

093 

265 

.7575 

.94009 

4 

57 

474 

335 

.9125 

580 

3 


57 

120 

298 

.7550 

.93999 

3 

58 

502 

368 

.9097 

571 

2 


58 

147 

331 

.7525, 

989 

2 

59 

529 

400 

.9070 

501 

1 


59 

175 

364 

.7500 

979 

1 

E2 

.32557 

.34433 

2.9042 

.94552 

0 


El 

.34202 

.36397 

2.7475 

.93969 

■a 

n 

Cos 

Ctn 

Tan 

1 Sin 1 ' 

□ 

Cos 1 

Ctn 

Tan 

Sin 

H 


71° 70° 

























32 20° — Values of Trigonometric Functions — 21° 


n 

Sin 

Tan 

Ctn 

Cos 


n 

Sin 

Tan 

Ctn 

Cos 

"""" 

0 

.34202 

.36397 

2.7475 

.93969 

60 


0 

.35837 

.38386 

2.6051 

.93358 

60 

i 

229 

430 

.7450 

959 

59 


1 

864 

420 

.6028 

348 

59 

2 

257 

463 

.7425 

949 

58 


2 

891 

453 

.6006 

337 

5s 

3 

284 

496 

.7400 

939 

57 


3 

918 

487 

.5983 

327 

57 

4 

311 

529 

.7376 

929 

56 


4 

945 

520 

.5961 

316 

56 

5 

.34339 

.36562 

2.7351 

.93919 

55 


5 

.35973 

.38553 

2.5938 

.93306 

55 

6 

366 

595 

.7326 

909 

54 


6 

.36000 

587 

.5916 

295 

51 

7 

393 

628 

.7302 

899 

53 


7 

027 

620 

.5893 

285 

54 

8 

421 

661 

.7277 

889 

52 


8 

054 

654 

.5871 

274 

52 

9 

448 

694 

.7253 

879 

51 


9 

081 

687 

.5848 

264 

51 

10 

.34475 

.30727 

2.7228 

.93869 

n 


10 

.36108 

.38721 

2.5826 

.93253 

50 

11 

503 

760 

.7204 

859 

49 


11 

135 

754 

.5804 

243 

49 

12 

530 

793 

.7179 

849 

48 


12 

162 

787 

.5782 

232 

48 

13 

557 

826 

.7155 

839 

47 


13 

190 

821 

.5759 

222 

47 

14 

584 

859 

.7130 

829 

46 


14 

217 

854 

.5737 

211 

46 

15 

.34612 

.36892 

2.7106 

.93819 

45 


15 

.36244 

.38888 

2.5715 

.93201 

45 

16 

639 

925 

.7082 

809 

44 


16 

271 

921 

.5693 

190 

41 

17 

666 

958 

.7058 

799 

43 


17 

298 

955 

.5671 

ISO 

43 

18 

694 

.36991 

.7034 

789 



18 

325 

.38988 

.5649 

169 

42 

19 

721 

.37024 

.7009 

779 

in 


19 

352 

.39022 

.5627 

159 

41 

20 

.34748 

.37057 

2.6985 

.93769 

40 


20 

.36379 

.39055 

2.5605 

.93148 

40 

.1 

775 

090 

.6961 

759 

39 


21 

40G 

089 

.5583 

137 

39 

22 

803 

123 

.6937 

748 

38 


22 

434 

122 

.5561 

'27 

38 

23 

830 

157 

.6913 

738 

37 


23 

401 

156 

.5539 

116 

37 

24 

857 

190 

.6889 

728 

36 


24 

488 

190 

.5517 

106 

36 

25 

.34884 

.37223 

2.6865 

.93718 

35 


25 

.36515 

.39223 

2.5495 

.93095 

35 

26 

912 

256 

.6841 

708 

34 


26 

542 

257 

.5473 

084 

34 

27 

939 

289 

.6818 

698 

33 


27 

569 

290 

.5452 

074 

33 

28 

900 

322 

.6794 

688 

32 


28 

596 

324 

.5430 

063 

32 

29 

.34993 

355 

.6770 

677 

31 


29 

623 

357 

.5408 

052 

31 

30 

.35021 

.37388 

2.6746 

.93667 

30 


30 

.36650 

.39391 

2.5386 

.93042 

30 

31 

048 

422 

.6723 

657 

29 


31 

677 

425 

.5365 

031 

29 

32 

075 

455 

.6099 

647 

28 


32 

704 

458 

.5343 

020 

28 

33 

102 

488 

.6075 

637 

27 


33 

731 

492 

.5322 

.93010 

27 

34 

130 

521 

.6652 

626 

26 


34 

758 

520 

.5300 

.92999 

26" 

35 

.35157 

.37554 

2.6628 

.93C16 

25 


35 

.36785 

.39559 

2.5279 

.92988 

25 

36 

184 

58S 

.6605 

606 

24 


36 

812 

593 

.5257 

978 

24 

37 

211 

621 

.G5S1 

596 

23 


37 

839 

626 

.5230 

967 

23 

38 

239 

654 

.6558 

585 



38 

8G7 

GGO 

.5214 

956 

22 

39 

200 

687 

.6534 

575 

yl 


39 

894 

694 

.5193 

945 

21 

40 

.35293 

.37720 

2.6511 


f?il 


40 

.36921 

.39727 

2.5172 


20 

41 

320 

754 

.04SH 

555 

19 


41 

948 

761 

.5150 

924 

19 

42 

317 

787 

.6464 

544 

18 


42 

.36975 

795 

.5129 

913 

18, 

43 

375 

820 

.6441 

531 

17 


43 

.37002 

829 

.5108 

902 

17 

44 

402 

853 

.6418 

521 

10 


44 

029 

862 

.5086 

892 

16 

45 

.35429 

.37887 

2.6395 

.93514 

15 


45 

.37056 

.39896 

2.5065 

.92881 

15 

46 

456 

920 

.6371 

503 

14 


4G 

0S3 

930 

.5044 

870 

14- 

47 

484 

953 

.6348 

493 

13 


47 

110 

963 

.5023 

859 

13 

48 

511 

.37986 

.6325 

483 



48 

137 

.39997 

.5002 

849 

12 

49 

538 

.38020 

.6302 

472 

ii 


49 

164 

.40031 

.4981 

838 

11 

50 

.35565 

.38053 

2.6279 

.93462 

10 


50 

.37191 

.40065 

2.4960 

.92827 

10 

51 

592 

086 

.0256 

452 

9 


51 

218 

098 

.4939 

816 

9 

52 

619 

120 

.6233 

441 

8 


52 

245 

132 

.4918 

805 

8 

53 

647 

153 

.6210 

431 

7 


53 

272 

166 

.4897 

794 

mm 

54 

674 

ISO 

.6187 

420 



54 

299 

200 

.4876 

784 

o 


.35701 

.38220 

2.6165 


B 


55 

.37326 

.40234 

2.4855 

.92773 

H 


728 

253 

.6142 


4 


56 

353 

267 

.4834 

7G2 

Kf 


755 

286 


389 

3 


57 

380 

301 

.4813 

751 

3 


782 

320 


379 

2 


58 

407 

335 

.4792 

740 

2 " 


1 AiVl 




1 


59 

434 

369 

.4772 

729 

1- 


.35837 

.38386 

2.6051 

93358 

El 


60 

.37461 

.40403 

2.4751 

.92718 

0J 

■ 

1 Cos 1 Ctn Tan | Sin 1 ' 

i 

Cos 

Ctn 

Tan 

Sin 

/ 


68’ 


























II] 22° — Values of Trigonometric Functions — 23® 33 


m 

Sin 

Tan 

Ctn 

Cos 

■ 

/ 

Sin 

Tan 

Ctn 

Cos 


0 

.37461 

.40403 

2.4751 

.92718 

60 

0 

.39073 

.42447 

2.3559 

.92050 

eo 

1 

488 

436 

.4730 

707 

59 

1 

100 

482 

.3539 

039 

59 

2 

515 

470 

.4709 

697 

58 

2 

127 

516 

.3520 

028 

58 

3 

542 

504 

.4689 

686 

57 

3 

153 

551 

.3501 

016 

57 

4 

569 

538 

.4668 

675 

56 

4 

180 

585 

.3483 

.92005 

56 

5 

.37595 

.40372 

2.4648 

.92664 

55 

5 

.39207 

.42619 

2.3464 

.91994 

55 

6 

622 

606 

.4627 

653 

54 

0 

234 

651 

.3445 

982 

54 

7 

649 

640 

.4606 

642 

53 

7 

260 

688 

.3426 

971 

53 

8 

676 

674 

.4586 

631 

52 

8 

287 

722 

.3407 

•959 

52 

9 

703 

707 

.4566 

620 

51 

9 

314 

757 

.3388 

948 

51 

10 

.37730 

.40741 

2.4545 

.92609 

50 

10 

.39341 

.42791 

2.3369 

.91936 

50 

11 

757 

775 

.4525 

598 

49 

11 

367 

826 

.3351 

925 

40 

12 

784 

809 

.4504 

587 

48 

12 

394 

860 

.3332 

914 

48 

13 

811 

813 

.44S4 

570 

47 

13 

421 

894 

3313 

902 

47 

14 

838 

877 

.4464 

505 

46 

14 

448 

929 

.3294 

891 

46 

15 

.37865 

.40911 

2.4443 

.92554 

45 

15 

.39474 

.42963 

2.3276 

.91879 

45 

10 

892 

945 

.4123 

543 



16 

501 

.42998 

.3257 

868 

44 

17 

919 

.49979 

.4403 

532 

43 


17 

528 

.43032 

.3238 

856 

43 

18 

946 

.41013 

.4383 

521 

42 


18 

555 

067 

.3220 

845 

42 

19 

973 

047 

.43G2 

510 

41 


19 

581 

101 

.3201 

833 

41 

20 

.37999 

.41081 

2.4342 

.92499 

40 


20 

.39008 

.43136 

2.3183 

.91822 

40 

21 

.38026 

115 

.4322 

48 S 

39 


21 

635 

170 

.3164 

810 

39 

22 

053 

149 

.4302 

477 

3o> 


22 

061 

205 

.3146 

799 

38 

23 

080 

183 

.4282 

400 

37 


23 

088 

239 

.3127 

787 

37 

24 

107 

217 

.4262 

*53 

36 


24 

715 

274 

.3109 

775 

36 

25 

.38134 

.41251 

2.4242 

.92444 

35 


25 


.43308 

2.3090 

.91764 

35 

26 

161 

285 

t 4222 

432 

34 


26 

mm 

343 

.3072 

752 


27 

188 

319 

.4202 

421 

33 


27 


378 

.3053 

741 


28 

215 

353 

.4182 

410 

32 


28 

'•'r'ffW' 

412 

.3035 

729 


29 

241 

387 

.41G2 

399 

31 


29 

848 

447 

.3017 

718 


30 


.41421 

2.4142 

.92388 

30 


30 

.39875 

.43481 

2.2998 

.91706 


31 

295 

455 

.4122 

377 

29 


31 

902 

516 

.2980 

694 

29 

32 

322 

490 

.4102 

306 

28 


32 

928 

550 

.2962 

683 

E3 

33 

349 

524 

.4083 

355 

27 


33 

955 

685 

.2944 

671 

|Krl 

34 

376 

558 

.4063 

343 

26 


34 

.39982 

620 

.2925 

660 

t J 

35 

.38403 

.41592 

2.4043 

.92332 

25 


35 

.40008 

.43654 

2.2907 

.91648 

25 

36 

430 

626 

.4023 

321 

24 


36 

035 

689 

.2889 

G36 

24 

37 

456 

660 

.4004 

310 

23 


37 

002 

724 

.2871 

625 

23 

38 

483 

694 

.3984 

299 

22 


38 

088 

758 

.2853 

613 

22 

39 

510 

728 

.3964 

287 

21 


39 

115 

793 

.2835 

601 

21 

40 

.38537 

.41763 

2.3945 

.92276 

20 


40 

.40141 

.43828 

2.2817 

.91590 

20 

41 

564 

797 

.3925 

205 

! 19 


41 

108 

8G2 

.2799 

578 

19 

42 

591 

831 

.3900 

254 

I 18 


42 

195 

897 

.2781 

566 

18 

43 

617 

865 

.3880 

213 

17 


43 

221 

932 

.2763 

555 

17 

44 

644 

899 

.3867 

231 

16 


44 

248 

.43966 

.2745 

543 

16 

45 

.38671 

.41933 

2.3847 

.92220 

15 


45 

.40275 

.44001 

2.2727 

.91531 

16 

46 

698 

.41968 

.3828 

209 

14 


46 

301 

036 

.2709 

519 

14 

47 

725 

■CWlIlEi 

.3808 

198 

13 


47 

328 

071 

.2691 

508 

13 

48 

752 

036 

.3789 

ISO 

12 


48 

355 

105 

.2673 

496 

12 

49 

778 

rZjl 

.3770 

175 

11 


49 

381 

140 

.2655 

484 

11 

50 

.38805 


2.3750 

.92164 

10 


50 

.40408 

.44175 

2.2637 

.91472 

10 

51 

832 

139 

.3731 

152 

9 


51 

434 

210 

.2620 

461 

9 

52 

859 

173 

.3712 

141 

8 


52 

461 

244 

.2602 

449 

8 

53 

886 

mm 

.3693 

130 

7 


53 

488 

279 

.2584 

437 

7 

54 

912 

242 

.3673 

119 

6 


54 

514 

314 

.2566 

425 

6 

55 

.38939 

.42276 

2.3654 

.92107 

5 


55 

.40541 

.44349 

2.2549 

.91414 

5 

56 

966 

310 

.3635 

096 

4 


56 

i 567 

384 

.2531 

402 

4 

57 

.38993 

345 

.3616 

085 

3 


57 

594 

418 

.2513 

390 

3 

58 

.39020 

379 

.3597 

073 

2 


58 

621 

453 

.2490 

378 

2 

59 

046 

413 

.3578 

062 

1 


59 

647 

488 

.2478 

366 

1 

eo 

.39073 

.42447 

2.3559 

.92050 

0 


E3 

.40674 

.44523 

2.2460 

.91355 

0 


Cos 

Ctn 

Tan 

| Sin 1 # 

n 

Cos 

ESI 


Sin 

/ 


67° 66° 













0 

.40674 

.44523 

2.2460 

.91355 

E3 

0 

.42262 

.46631 

2.1445 

.90631 

60 

1 

700 

558 

.2443 

343 

59 

1 

288 

666 

.1429 

618 

5‘.i 

2 

727 

593 

.2425 

331 

58 

2 

315 

702 

.1413 

606 

5S 

3 

753 

627 

.2408 

319 

57 

3 

341 

737 

.1396 

594 

57 

4 

780 

662 

.2390 

307 

56 

4 

367 

772 

.1380 

582 

56 

6 

.40806 

.44697 

2.2373 

.91295 

55 

5 

.42394 

.46808 

2.1364 

.90569 

m 

6 

833 

732 

.2355 

283 

54 

6 

420 

843 

.1348 

557 

El 

7 

860 

767 

.2338 

272 

53 

7 

446 

879 

.1332 

545 

53 

8 

886 

802 

.2320 

260 

52 

8 

473 

914 

.1315 

532 

52 

9 

913 

837 

.2303 

248 

51 

9 

499 

950 

.1299 

520 

51 

10 

.40939 

.44872 

2.2286 

.91236 

50 

10 

.42525 

.46985 

2.1283 

.90507 

50 

11 

966 

907 

.2268 

224 

49 

11 

552 

.47021 

.1267 

495 

49 

12 

.40992 

942 

.2251 

212 

48 

12 

578 

056 

.1251 

483 

48 

13 

.41019 

.44977 

.2234 

200 

47 

13 

604 

092 

.1235 

470 

47 

14 

045 

.45012 

.2216 

188 

46 

14 

631 

128 

.1219 

458 

46 

15 

.41072 

.45047 

2.2199 

.91176 

45 

15 

.42657 

.47163 

2.1203 

.90446 

45 

16 

098 

082 

.2182 

164 

44 

16 

683 

199 

.1187 

433 

44 

17 

125 

117 

.2165 

152 

43 

17 

709 

234 

.1171 

421 

43 

18 

151 

152 

.2148 

140 

42 

18 

736 

270 

.1155 

408 

42 

19 

178 

187 

.2130 

128 

41 

19 

762 

305 

.1139 

396 

41 

30 

.41204 

.45222 

2.2113 

.91116 

40 

20 

.42788 

.47341 

2.1123 

.90383 

40 

21 

231 

257 

.2096 

104 

39 

21 

815 

377 

.1107 

371 

39 

22 

257 

292 

.2079 

092 

38 

22 

841 

412 

.1092 

358 

38 

23 

284 

327 

.2062 

080 

37 

23 

867 

448 

.1076 

346 

37 

24 

310 

362 

.2045 

068 

36 

24 

894 

483 

.1060 

334 

36 

25 

.41337 

.45397 

2.2028 

.91056 

35 

25 

.42920 

.47519 

2.1044 

.90321 

35 

26 

fwl*j 

432 

.2011 

044 

34 

26 

946 

555 

.1028 

309 

34 

27 

390 

467 

.1994 

032 

33 

27 

972 

590 

.1013 

296 

33 

28 

416 

502 

.1977 

020 

32 

28 

.42999 

626 

.0997 

284 

32 

29 

443 

538 

.1960 

.91008 

31 

29 

.43025 

662 

.0981 

271 

31 

rn 

.41469 

.45573 

2.1943 

.90996 

30 


.43051 

.47698 

2.0965 

.90259 

30 

31 

496 

608 

.1926 

984 

29 

31 

077 

733 

.0950 

246 

29 

32 

522 

643 

.1909 

972 

28 

32 

104 

769 

.0934 

233 

28 

33 

549 

678 

.1892 

960 

27 

33 

130 

805 

.0918 

221 

27 

34 

575 

713 

.1876 

948 

26 

34 

156 

840 

.0903 

208 

26 

m 

.41602 

.45748 

2.1859 

.90936 

E3 

35 

.43182 

.47876 

2.0887 

.90196 

25 

36 

628 

784 

.1842 

924 

24 

36 

209 

912 

.0872 

183 

24 

37 

655 

819 

.1825 

911 

23 

37 

235 

948 

.0856 

171 

23 

38 

681 

854 

.1808 

899 

22 

38 

261 

.47984 

.0840 

158 

22 

39 

707 

S89 

.1792 

887 

21 

39 

287 

.48019 

.0825 

146 

21 

40 

.41734 

.45924 

2.1775 

.90875 

20 

40 

.43313 

.48055 

2.0809 

.90133 

20 

41 

760 

960 

.1758 

863 

19 

41 

3401 

091 

.0794 

120 

19 

42 

787 


.1742 

851 

18 

42 

366 

127 

.0778 

108 

18 

43 

813 


.1725 

839 

17 

43 

392 

163 

.0763 

095 

|M 

44 

840 

065 

.1708 

826 

16 

44 

418 

198 

.0748 

082 



.41866 

.46101 

2.1692 

.90814 

15 

45 

.43445 

.48234 

2.0732 

.90070 

ffl 

46 

892 

136 

.1675 

802 

14 

46 

471 

270 

.0717 

057 

itl 

47 

919 

171 

.1659 

790 

13 

47 

497 

306 

.0701 

045 

13 

48 

945 

206 

.1642 

778 

12 

48 

523 

342 

.0686 

032 

12 

49 

972 

242 

.1625 

766 

11 

49 

549 

378 

.0671 

019 

11 

50 

.41998 

.46277 

2.1609 

.90753 

10 

50 

.43575 

.48414 

2.0655 

.90007 

10 

51 

.42024 

312 

.1592 

741 

9 

51 

602 

450 

.0640 

.89994 

9 

52 

051 

348 

.1576 

729 

8 

52 

628 

486 

.0625 

981 

8 

53 

077 

383 

.1560 

717 

D 

53 

654 

521 

.0609 

968 

7 

54 

104 

418 

.1543 

IK! 

E 

54 

680 

557 

.0594 

956 

m 

55 

KWKU 

.46454 

2.1527 

.90692 

E 

55 

.43706 

.48593 

2.0579 

.89943 

5 

56 

HjjF^ 

489 

.1510 

680 

\W3 

56 

733 

629 

.0564 

930 

4 

57 


525 

.1494 

668 

3 

57 

759 

665 

.0549 

918 

3 

58 


560 

.1478 

655 

2 

58 

785 

701 

.0533 

905 

2 

5S 


595 

.1161 

643 

1 

WW 

811 

737 

.0518 

892 

1 

ec 

WiY\>iy- 


2.1445 

.90631 

m 

■ 60 

.43837 

.48773 

2.0503 

.89879 

0 


c 
























26° — Values of Trigonometric Functions — 27° 


mm 

Tan 

Ctn 

.43837 

.48773 

2.0503 

863 

809 

.0488 

889 

845 

.0473 

916 

881 

.0158 

942 

917 

.0443 

.43968 

.48953 

2.0428 

.43994 

.48989 

.0415 

.44020 

.49026 

.0398 

046 

062 

.0383 

072 

098 

.0368 

.44098 

.49134 

2.0353 

124 

170 

.0338 

151 

206 

.0323 

177 

242 

.0308 

203 

278 

.0293 

.44229 

.49315 

2.0278 

255 

351 

.0263 

281 

387 

.0248 

307 

423 

.0233 

333 

459 

.0219 

.44359 

.49495 

2.0204 

385 

532 

.0189 

411 

568 

.0174 

437 

604 

.0160 

464 

640 

.0145 

.44490 

.49677 

2.0130 

516 

713 

.0115 

542 

749 

.0101 

568 

786 

.0086 

594 

822 

.0072 

.44620 

.49858 

2.0057 

646 

894 

.0042 

672 

931 

.0028 

698 

.49967 

2.0013 

724 

.50004 

1.9999 

.44750 

.50040 

1.9984 

776 

076 

.9970 

802 

113 

.9955 

828 

149 

.9941 

854 

185 

.9926 

.44880 

.50222 

1.9912 

906 

258 

.9897 

932 

295 

.9883 

958 

331 

.9868 

.44984 

368 

.9854 

.45010 

.50404 

1.9840 

036 

441 

.9825 

062 

477 

.9811 

088 

514 

.9797 

114 

550 

.9782 

.45140 

.50587 

1.9768 

166 

623 

.9754 

192 

660 

.9740 

218 

696 

.9725 

243 

733 

.9711 

.45269 

.50769 

1.9697 

295 

806 

.9683 

321 

843 

.9669 

347 

879 

.9654 

373 

916 

.9640 

.45399 

.50953 

1.9626 

Cos 

Ctn 

Tan 





.45399 

ten 

425 

I m la 

451 

(?Tf Si 

477 

003 

503 

099 

.45529 

.51136 

554 

173 

580 

209 

600 

246 

632 

283 

.45658 

.51319 

68 4 

350 

710 

393 

736 

430 

702 

467 

.45787 

.51503 

813 

540 

839 

577 

865 

614 

891 

651 

.45917 

.51688 

942 

724 

968 

761 

.45994 

798 

.46020 

835 

.46046 

.51872 

072 

909 

097 

946 

123 

.51983 

149 

.52020 

.46175 

.52057 

201 

094 

226 

131 

252 

168 

278 

205 

.46304 

.52242 

330 

279 

355 

316 

381 

353 

407 

390 

.46433 

.52427 

458 

464 

484 

501 

510 

538 

536 

575 

.46561 

.52613 

587 

650 

613 

687 

639 

724 

664 

761 

.46690 

.52798 

716 

836 

742 

873 

767 

910 

793 

947 

.46819 

.52985 

844 

.53022 

870 

059 

896 

096 

921 

134 

.46947 

.53171 


59 
58 
57 
56 

SB 

021154 
.89008153 
.88995 
981 M 
.88968 60 
955 49 
942 48 
928 47 
915 46 
.88902 46 
888 44 
875 43 
862 42 
848 41 
.88835 40 
822 39 
808 38 
795 37 
782 36 
.88768 36 
755 34 
741 33 
728 32 
715 31 
.88701 
688 
674 
661 
647 
.88634 
620 
607 
693 
580 
.88566 
553 
539 
526 
512 16 
.88499 15 
485 14 
472 13 
458 12 
445 11 
.88431 10 
417 9 

404 8 

390 
377 
.88363 
349 
336 
322 
308 
88295 


% 

$ 

* 


i 


63° 
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36 28° — Values of Trigonometric Functions — 29° [q 


/ 

Sin 

Tan 

Ctn 

Cos 

r 

■j 


189 

Ctn 

I Cos | 

“ 

.46947 

.53171 

1.8807 

.88295 

n 

0 

.48481 

.55431 

1.8040 

.87462 


1 

973 

208 

.8794 

281 

59 

1 

506 

469 

.8028 

448 

59 

2 

.46999 

246 

.8781 

267 

58 

2 

532 

507 

.8016 

434 

5s 

3 

47024 

283 

.8768 

254 

57 

3 

! 557 

545 

.8003 

420 

57 

4 

050 

320 

.8755 

240 

56 

4 

583 

583 

.7991 

406 

36 

5 

.47076 

.53358 

1.8741 

.88226 

55 

5 

.48608 

.55621 

1.7979 

.87391 

55 

6 

101 

395 

.8728 

213 

54 

6 

634 

659 

.7966 

377 

54 

7 

127 

432 

.8715 

199 

53 

7 

659 

697 

.7954 

363 

53 

8 

153 

470 

.8702 

185 

52 

8 

684 

736 

.7942 

349 

52 

9 

178 

507 

.8689 

172 

51 

9 

710 

774 

.7930 

335 

51 

10 

.47204 

.53545 

1.8676 

.88158 

50 

10 

.48735 

.55812 

1.7917 

.87321 

m 

11 

229 

582 

.8663 

144 

49 

11 

761 

850 

.7905 

306 

49 

12 

255 

620 

.8650 

130 

48 

12 

786 

888 

.7893 

292 

48 

13 

281 

657 

.8637 

117 

47 

13 

811 

926 

.7881 

278 

47 

14 

30G 

694 

.8624 

103 

46 

14 

837 

.55964 

.7868 

264 

46 

15 

.47332 

.53732 

1.8611 

.88089 

45 

15 

.48862 

.56003 

1.7856 

.87250 

45 

16 

358 

769 

.8598 

075 

44 

16 

888 

041 

.7844 

235 

44 

17 

383 

807 

.8585 

062 

43 

17 

913 

079 

.7832 

221 

43 

18 

409 

844 

.8572 

048 

42 

18 

938 

H7 

.7820 

207 

42 

19 

434 

882 

.8559 

034 

41 

19 

964 

156 

.7808 

193 

41 

20 

.47460 

.53920 

1.8546 

.88020 

40 

MS 

.48989 

.56194 

1.7796 

.87178 

40 

21 

486 

957 

.8533 

.88006 

39 

21 

.49014 

232 

.7783 

164 

39 

22 

511 

.53995 

.8520 

.87993 

38 

22 

040 

270 

.7771 

150 

38 

23 

537 

.54032 

.8507 

979 

37 

23 

065 

309 

.7759 

136 

37 

24 

562 

070 

.8495 

965 

36 

24 

090 

347 

.7747 

121 

36 

25 

.47588 

.54107 

1.8482 

.87951 

E3 

25 

.49116 

.56385 

1.7735 

.87107 

35 

26 

614 

145 

.8469 

937 

34 

26 

141 

424 

.7723 

093 

34 

27 

639 

183 

.8456 

923 

33 

27 

166 

462 

.7711 

079 

33 

28 

665 

220 

.8443 

909 

32 

28 

192 

501 

.7699 

064 

32 

29 

690 

258 

.8430 

896 

31 

29 

217 

539 

.7687 

050 

31 

30 

.47716 

.54296 

1.8418 

.87882 

E3 

30 

.49242 

.56577 

1.7675 

.87036 

Ej 

31 

741 

333 

.8405 

868 

29 

31 

268 

616 

.7663 

021 

29 

32 


371 

.8392 

854 

28 

32 

293 

654 

.7651 

.87007 

28 

33 


409 

.8379 

840 

27 

33 

318 

693 

.7639 

.86993 

27 

34 

818 

446 

.8367 

826 

26 

34 

344 

731 

.7627 

978 

26 

35 

.47844 

.54484 

1.8354 

.87812 

25 

35 

.49369 

.56769 

1.7615 

.86964 

25 

36 

869 

522 

.8341 

798 

24 

36 

394 

808 

.7603 

949 

24 

37 

895 

560 

.8329 

784 

23 

37 

419 

846 

.7591 

935 

23 

38 

920 

597 

.8316 

770 

22 

38 

445 

885 

.7579 

921 

22 

39 

946 

635 

.8303 

756 

21 

39 

470 

923 

.7567 

906 

21 

40 

.47971 

.54673 

1.8291 

.87743 

ra 

40 

.49495 

.56962 

1.7556 

.86892 

20 

41 

.47997 

711 

.8278 

729 

19 

41 

521 

.57000 

.7544 

878 

19 

42 

.48022 

748 

.8265 

715 

18 

42 

546 

039 

.7532 

863 

18 

43 

048 

786 

.8253 

701 

17 

43 

571 

078 

.7520 

849 

17 

44 

073 

824 

.8240 

687 

16 

44 

596 

116 

.7508 

834 

16 

45 

.48099 

.54862 

1.8228 

.87673 

15 

45 

.49622 

.57155 

1.7496 

.86820 

15 

46 

124 

900 

.8215 

659 

14 

46 

647 

193 

.7485 

805 

14 

47 

150 

938 

.8202 

645 

13 

47 

672 

232 

.7473 

791 

13 

48 

175 

.54975 

.8190 

631 

12 

48 

697 

271 

.7461 

777 

12 

49 

201 

.55013 

.8177 

617 

11 

49 

723 

309 

.7449 

762 

11 

50 

.48226 

.55051 

1.8165 

.87603 

10 

■n 

.49748 

.57348 

1.7437 

.86748 

10 

51 

252 

089 

.8152 

589 

9 

51 

773 

386 

.7426 

733 

9 

52 

277 

127 

.8140 

575 

8 

52 

798 

425 

.7414 

719 

8 

53 

303 

165 

.8127 

561 

D 

53 

824 

464 

.7402 

704 

7 

54 

328 

203 

.8115 

546 

Kj 

54 

849 

503 

.7391 

690 

6 

55 

.48354 

.55241 

1.8103 

.87532 

Si 

55 

.49874 

.57541 

1.7379 

.86675 

5 

56 

379 

279 

.8090 

518 

El 

56 

899 

580 

.7367 

661 

4 

57 

405 

317 

.8078 

504 

3 

57 

924 

619 

.7355 

646 

3 

58 

430 

355 

.8065 

490 

2 

58 

950 

657 

.7344 

632 

2 

59 

456 

393 

.8053 

476 

1 

59 

.49975 

696 

.7332 

617 

1 

60 


.55431 

1.8040 

.87462 

Kj 

60 

.50000 

.57735 

1.7321 

.86603 

0 


iriffii 

EgffE 


m>\\M 

n 


Cos 

Ctn 

Tan 

Sin 

> 































21 

dir — values oi Trigonometric functions — 31“ 

64 

/ 

Sin 

Tan 

Ctn 

Cos 

■ 

H 

Sin 

Tan 

Ctn 

Cos | 

.T 

.50000 

.57735 

1.7321 

.86603 

60 

0 

.51504 

.60086 

1.6643 

.85717 

60 

1 

025 

774 

.7309 

588 

59 

1 

529 

126 

.6632 

702 

59 

2 

050 

813 

.7297 

573 

58 

o 

554 

165 

.6621 

687 

58 

3 

076 

851 

.7286 

559 

57 

3 

579 

205 

.6010 

672 

57 

4 

101 

890 

.7274 

544 

56 

4 

604 

245 

.6599 

657 

56 

5 

.50126 

.57929 

1.7262 

.86530 

55 

5 

.51628 

.60284 

1.6588 

.85642 

65 

6 

151 

.57968 

.7251 

515 

54 

0 

653 

324 

.6577 

627 

54 

7 

176 

.58007 

.7239 

501 

53 

7 

678 

364 

.6566 

612 

53 

8 

201 

046 

.7228 

486 

52 

8 

703 

403 

.6555 

597 

52 

9 

227 

085 

.7216 

471 

51 

9 

728 

443 

.6545 

582 

51 

10 

.50252 

.58124 

1.7205 

.86457 

50 

10 

.51753 

.60483 

1.6534 

.85567 

60 

11 

277 

162 

.7193 

412 

49 

11 

778 

522 

.6523 

551 

49 

12 

302 

201 

.7182 

427 

48 

12 

803 

602 

.6512 

536 

48 

13 

327 

240 

.7170 

413 

47 

13 

828 

602 

.0501 

521 

47 

14 

352 

279 

.7159 

398 

46 

14 

852 

642 

.6190 

506 

46 

16 

.50377 

.58318 

1.7147 

.86384 

45 

15 

.51877 

.60081 

1.6479 

.85491 

46 

1G 

403 

357 

.7130 

369 

44 

16 

902 

721 

.6169 

476 

44 

17 

428 

396 

.7124 

354 

43 

17 

927 

701 

.0458 

461 

43 

18 

453 

435 

.7113 

340 

42 

18 

952 

801 

.6447 

446 

42 

19 

478 

474 

.7102 

325 

41 

19 

.51977 

841 

.6436 

431 

41 

20 

.50503 

.58513 

1.7090 

.86310 

40 

20 

.52002 

.60881 

1.04120 

.85416 

40 

21 

528 

552 

.7079 

295 

39 

21 

026 

921 

.6415 

401 

39 

22 

553 

591 

.7067 

281 

38 

W J 

051 

.00960 

.6404 

3S5 

38 

23 

578 

631 

.7056 

266 

37 

23 

076 

.61000 

.6393 

370 

37 

24 

603 

670 

.7045 

251 

36 

24 

101 

040 

.6383 

355 

30 

25 

.50628 

.58709 

1.7033 

.86237 

35 

25 

.52126 

.61080 

1.6372 

.85340 

35 

2G 

654 

748 

.7022 

222 

34 

26 

151 

120 

.6361 

325 

34 

27 

679 

787 

.7011 

207 

33 

27 

175 

160 

.6351 

310 

33 

28 

704 

826 

.6999 

192 

32 

28 

200 

200 

.6340 

294 

32 

29 

729 

865 

.6988 

178 

31 

29 

225 

240 

.0329 

279 

31 

30 

.50754 

.58905 

1.6977 

.86163 

30 

30 

.52250 

.61280 

1.6319 

.85264 

30 

31 

779 

944 

.6965 

148 

29 

31 

275 

320 

.6308 

249 

29 

32 

804 

.58983 

.6954 

133 

28 

32 

299 

300 

.6297 

234 

28 

33 

829 

.59022 

.0943 

119 

27 

33 

324 

400, 

.6287 

218 

27 

34 

854 

061 

.6932 

104 

26 

34 

349 

440 

.6276 

203 

20 

36 

.50879 

.59101 

1.6920 

.86089 

25 

35 

.52374 

.61480 

1.6265 

.85188 

25 

36 

904 

140 

.6909 

074 

24 

36 

399 

620 

.0255 

173 

24 

37 

929 

179 

.6898 

059 

23 

37 

423 

6G1 

.6244 

157 

23" 

38 

954 

218 

.GX87 

045 

22 

38 

44S 

601 

.6234 

142 

22 . 

39 

.50979 

258 

.6875 

030 

21 

39 

473 

641 

.6223 

127 

21 1 

40 

.51004 

.59297 

1.6864 

.86015 

20 

40 

.52498 

.61681 

1.6212 

.85112 

20 

41 

029 

336 

.6853 

.86000 

19 I 

41 

522 

721 

.6202 

096 

19 

42 

054 

376 

.6842 

.85985 

18 

42 

547 

7G1 

.6191 

081 

18 ■ 

43 

079 

415 

.6831 

970 

17 | 

43 

572 

801 

.6181 

066 

171 

44 

104 

454 

.6820 

956 

16 

44 

597 

842 

.6170 

051 

16 

46 

.51129 

.59494 

1.6808 

.85941 

15 

45 

.52621 

.61882 

1.6160 

.85035 

15 

46 

154 

533 

.6797 

926 

14 

46 

646 

922 

.6149 

020 

14 

47 

179 

673 

.6780 

911 

13 

47 

671 

.61902 

.6139 

.85005 

13 

48 

204 

612 

.6775 

896 

12 

48 

696 

.62003 

.6128 

.84989 

12 

49 

229 

651 

.6764 

881 

11 

49 

720 

043 

.6118 

974 

11 

50 

.51254 

.59691 

1.6753 

.85866 

10 

50 

.52745 

.62083 

1.6107 

.84959 

10. 

51 

279 

730 

.6742 

851 

9 

51 

770 

124 

.0097 

943 

9 1 

52 

304 

770 

.6731 

836 

8 

52 

794 

164 

.6087 

928 

8 

53 

329 

809 

.6720 

821 

7 

53 

819 

204 

.6076 

913 

7 

54 

354 

849 

.6709 

806 

6 

54 

844 

245 

.6066 

897 

6 

56 

.51379 

.59888 

1.6698 

.85792 

5 

55 

.52869 

.62285 

1.6055 

.84882 

5 

56 

404 

928 

.6687 

777 

4 

50 

893 

325 

.6045 

866 

4 

67 

429 

.59967 

.6676 

762 

3 

57 

918 

366 

.6034 

S51 

3 

58 

454 

.60007 

.6665 

747 

2 

58 

943 

406 

.6024 

836 

2. 

69 

479 

046 

.6654 

732 

1 

59 

967 

446 

.6014 

820 

1 

60 

.51504 

.60086 

1.6643 

.85717 

0 

60 

.52992 

.62487 

1.6003 

.84805 

0 


Cos 

Ctn 

Tan 

Sin 

/ 


Cos 

Ctn 

Tan 

Sin 

> 


59° 58° 




.52992 

.62487 

1.6003 

.84805 

.53017 

527 

.5993 

789 

041 

568 

.5983 

774 

066 

608 

.5972 

759 

091 

649 

.5962 

743 

.53115 

.62689 

1.5952 

.84728 

140 

730 

.5941 

712 

164 

770 

.5931 

697 

189 

811 

.5921 

681 

214 

852 

.5911 

666 

.53238 

.62892 

1.5900 

.84650 

263 

933 

.5890 

635 

288 

.62973 

.5880 

619 

312 

.63014 

.5869 

604 

337 

055 

.5859 

588 

.53361 

.63095 

1.5849 

.84573 

386 

136 

.5839 

557 

411 

177 

.5829 

542 

435 

217 

.5818 

526 

460 

258 

.5808 

511 

.53484 

.63299 

1.5798 

.84495 

509 

340 

.5788 

480 

534 

380 

.5778 

464 

558 

421 

.5768 

448 

583 

462 

.5757 

433 

.53607 

.63503 

1.5747 

.84417 

632 

544 

.5737 

402 

656 

584 

.5727 

386 

681 

625 

.5717 

370 

705 

666 

.5707 

355 

.53730 

.63707 

1.5697 

.84339 

754 

748 

.5687 

324 

779 

789 

.5677 

308 

804 

830 

.5667 

292 

828 

871 

.5657 

277 

.53853 

.63912 

1.5647 

.84261 

877 

953 

.5637 

245 

902 

.63994 

.5627 

230 

926 

.64035 

.5617 

214 

951 

076 

.5607 

198 

.53975 

.64117 

1.5597 

.84182 

.54000 

158 

.5587 

167 

024 

199 

.5577 

151 

049 

240 

.5567 

135 

073 

281 

.5557 

120 

.54097 

.64322 

1.5547 

.84104 

122 

363 

.5537 

088 

146 

404 

.5527 

072 

171 

446 

.5517 

057 

195 

487 

.5507 

041 

.54220 

.64528 

1.5497 

.84025 

244 

569 

.5487 

.84009 

269 

610 

.5477 

.83994 

293 

652 

.5468 

978 

317 

693 

.5458 

962 

.54342 

.64734 

1.5448 

.83946 

366 

775 

.5438 

930 

391 

817 

.5428 

915 

415 

858 

.5418 

899 

440 

899 

.5408 

883 

.54464 

.64941 

1.5399 

.83867 


.54464 
488 
513 
537 
561 
.54586 
610 
635 

8 659 

9 683 

10 .54708 

11 732 

12 756 

13 781 

14 805 

15 .54829 

16 854 

17 878 

18 902 

19 927 

20 .54951 

21 975 

22 .54999 

23 .55024 

24 048 

25 .55072 

26 097 

27 121 

28 145 

29 169 

30 .55194 

31 218 

32 242 

33 266 

34 291 

35 .55315 

36 339 

37 363 

38 388 

39 412 

40 .55436 

41 460 

42 484 

43 509 

44 533 

45 .55557 

46 581 

47 605 

48 630 

49 654 

50 .55678 

51 702 

52 726 

53 750 

54 775 

55 .55799 

56 823 

57 847 

58 871 

59 895 




Tan 

Ctn 

■sai 

.64941 

1.5399 

.83867 

.64982 

.5389 

851 

.65024 

.5379 

835 

065 

.5369 

819 

106 

.5359 

804 

.65148 

1.5350 

.83788 

189 

.5340 

772 

231 

.5330 

756 

272 

.5320 

740 

314 

.5311 

724 

.65355 

1.5301 

.83708 

397 

.5291 

692 

438 

.5282 

676 

480 

.5272 

660 

521 

.5262 

645 

.65563 

1.5253 

.83629 

604 

.5243 

613 

646 

.5233 

597 

688 

.5224 

581 

729 

.5214 

565 

.65771 

1.5204 

.83549 

813 

.5195 

533 

854 

.5185 

517 

896 

.5175 

501 

938 

.5166 

485 

.65980 

1.5156 

.83469 

.66021 

.5147 

453 

063 

.5137 

437 

105 

.5127 

421 

147 

.5118 

405 

.66189 

1.5108 

.83389 

230 

.5099 

373 

272 

.5089 

356 

314 

.5080 

340 

356 

.5070 

324 

.66398 

1.5061 

.83308 

440 

.5051 

292 

482 

.5042 

276 

524 

.5032 

260 

566 

.5023 

244 

.66608 

1.5013 

.83228 

650 

.5004 

212 

692 

.4994 

195 

734 

.4985 

179 

776 

.4975 

163 

.66818 

1.4966 

.83147 

860 

.4957 

131 

902 

.4947 

115 

944 

.4938 

098 

.66986 

.4928 

082 

.67028 

1.4919 

.83066 

071 

.4910 

050 

113 

.4900 

034 

155 

.4891 

017 

197 

.4882 

.83001 

.67239 

1.4872 

.82985 

282 

.4863 

969 

324 

.4854 

953 

366 

.4844 

936 

409 

.4835 

920 

.67451 

1.4826 

.82904 


























II] 34° — Values of Trigonometric Functions — 35° 39 


B 

Sin 

Tan 

Ctn 

Cos 


B 

E19 

Tan 

Ctn 

Cos 


0 

.55919 

.67451 

1.4826 

.82904 

60 

El 

.57358 

.70021 

1.4281 

.81915 

60 

1 

943 

493 

.4816 

887 

59 

1 

381 

064 

.4273 

899 

59 

2 

968 

536 

.4807 

871 

58 

o 

405 

107 

.4264 

882 

58 

3 

.55992 

578 

.4798 

855 

57 

3 

429 

151 

.4255 

865 

57 

4 

.56016 

620 

.4788 

839 

56 

4 

453 

194 

.4246 

848 

56 

5 

.56040 

.67663 

1.4779 

.82822 

55 

5 

.57477 

.70238 

1.4237 

.81832 

56 

6 

064 

705 

.4770 

806 

54 

6 

501 

281 

.4229 

815 

54 

7 

088 

748 

.4761 

790 

53 

7 

524 

325 

.4220 

79S 

53 

8 

112 

790 

.4751 

773 

52 

8 

548 

368 

.4211 

7S2 

m 

9 

136 

832 

.4742 

757 

51 

9 

572 

412 

.4202 

765 

51 

10 

.56160 

.67875 

1.4733 

.82741 

Eh 

10 

.57596 

.70455 

1.4193 

.81748 

GO 

11 

184 

917 

.4724 

724 

ETm 

11 

619 

499 

.4185 

731 

49 

12 

208 

.67960 

.4715 

70S 

48 

m 

643 

542 

.4176 

714 

48 

13 

232 


.4705 

692 

47 

13 

667 

586 

.4167 

698 

47 

14 

256 

045 

.4696 

675 

46 

14 

GUI 

629 

.4158 

681 

46 

15 

.56280 

.68088 

1.4687 

.82659 

45 

15 

.57715 

.70673 

1.4150 

.81664 

45 

16 

305 

130 

.4678 

C43 

44 

16 

738 

717 

.41 H 

647 

44 

17 

329 

173 

.4669 

626 

43 

17 

762 

760 

.4132 

631 

43 

18 

353 

215 

.4659 

610 

42 

IS 

786 

804 

.4.24 

614 

42 

19 

377 

258 

.4650 

593 

41 

19 

810 

848 

.4115 

597 

41 

20 

.56401 

.68301 

1.4641 

.82577 

40 

Ej 

.57833 

.70891 

1.4106 

.81580 

40 

21 

425 

343 

.4632 

561 

39 

21 

857 

935 

.4097 

563 

39 

22 

449 

386 

.4623 

544 

38 

22 

881 

.70979 

.4089 

540 

38 

23 

473 

429 

.4614 

528 

37 

23 

904 

.71023 

.4080 

530 

37 

24 

497 

471 

.4605 

511 

36 

24 

928 

006 

.4071 

513 

36 

25 

.56521 

.68514 

1.4596 

.82495 

35 

25 

.57952 

.71110 

1.4003 

.81490 

35 

26 

545 

557 

.4586 

478 

34 

26 

976 

154 

.4054 

479 

34 

27 

569 

600 

.4577 

462 

33 

27 

.57999 

198 

.4045 

462 

33 

28 

593 

642 

.4568 

446 

32 

28 

.58023 

242 

.4037 

445 

32 

29 

617 

685 

.4559 

429 

31 

29 

047 

285 

.4028 

428 

31 

El 

.56641 

.68728 

1.4550 

.82413 

30 

30 

.58070 

.71329 

1.4019 

.81412 

30 

31 

665 

771 

.4541 

396 

29 

31 

094 

373 

.4011 

395 

29 

32 

689 

814 

.4532 

380 

28 

32 

118 

417 

.4002 

378 

28 

33 

| 713 

857 

.4523 

363 

27 

33 

141 

461 

.3994 

361 

27 

34 

736 

900 

.4514 

347 

26 

34 

165 

505 

.3985 

344 

26 

35 


.68942 

1.4505 

.82330 

25 

35 

.58189 

.71549 

1.3976 

.81327 

25 

36 

784 

.68985 

.4496 

314 

24 

36 

212 

593 

.3968 

310 

24 

37 

808 

.69028 

.4487 

297 

23 

37 

236 

637 

.3959 

293 

23 

38 

832 

071 

.4478 

281 

22 

38 

260 

681 

.3951 

276 

22 

39 

856 

114 

.4469 

264 

21 

39 

283 

725 

.3942 

259 

21 

40 

.56880 

.69157 

1.4460 

.82248 

20 

40 

.58307 

.71769 

1.3934 

.81242 

20 

41 

904 

200 

.4451 

231 

19 

41 

330 

813 

.3925 

225 

19 

42 

928 

243 

.4442 

214 

IS 

42 

354 

857 

.3916 

208 

18 

43 

952 

286 

.4433 

198 

17 

43 

378 

901 

.3908 

191 

17 

44 

.56976 

329 

.4424 

181 

16 

44 

401 

946 

.3899 

174 

16 

45 

.57000 

.69372 

1.4415 

.82165 

15 

45 

.58425 

.71990 

1.3891 

.81157 

15 

46 

■dm! 

416 

.4406 

148 

14 

46 

449 

.72034 

.3882 

140 

14 

47 

047 

459 

.4397 

132 

13 

47 

472 

078 

.3874 

123 

13 

48 

071 

502 

.4388 

115 

12 

48 

496 

122 

.3865 

106 

12 

49 

HI*] 

545 

.4379 

098 

11 

49 

519 

167 

.3857 

089 

11 

50 

.57119 

.69588 

1.4370 

.82082 

10 

is] 

.58543 

.72211 

1.3848 

.81072 

10 

51 

143 

631 

.4301i 

065 


51 

567, 

255 

.3840 

055 

9 

52 

167 

675 

.4352 

048 

8 

52 

590 

299 

.3831 

038 

8 

53 

191 

718 

.4344 

032 

7 

53 

614! 

344 

.3823 

021 

7 

54 

215 

761 

.4335 

.82015 

6 

54 

637 

388 

.3814 

.81004 

6 

55 

.57238 

.69804 

1.4326 

.81999 

5 

m 

.58661 

.72432 

1.3806 

.80987 

5 

56 

262 

847 

.4317 

982 

4 

56 

684 

477 

.3798 

970 

4 

57 

286 

891 

.4308 

965 

3 

57 

708 

521 

.3789 

953 

3 

58 

»] 

934 

.£299 

949 

2 

58 

731 

565 

.3781 

936 

2 

59 

334 

.69977 

.4290 

932 

1 

59 

755 

610 

.3772 

919 

1 

60 

.57358 


1.4281 

.81915 

0 

60 

.58779 

.72654 

1.3764 

.80902 

0 


Cos 

fcjgj 

Tan 

Sin 

/ 


Cos 


Tan 

\mSEm 

B 


55° 54° 





































40 36° — Values of Trigonometric Functions — 37° [u 


/ 

Sin 

Tan 

Ctn 

Cos 


/ 

Sin 

Tan 

Ctn 

Cos 


0 

.58779 

.72654 

1.3764 

.80902 

60 

0 

.60182 

.75355 

1.3270 

.79864 

60 

1 

802 

699 

.3755 

885 

59 

1 

205 

401 

.3262 

846 

59 

2 

826 

743 

.3747 

867 

58 

2 

228 

447 

.3254 

829 

58 

3 

849 

788 

.3739 

850 

57 

3 

251 

492 

.3246 

811 

57 

4 

873 

832 

.3730 

833 

56 

4 

274 

538 

.3238 

793 

56 

5 

.58896 

.72877 

1.3722 

.80816 

55 

5 

.60298 

.75584 

1.3230 

.79776 

55 

6 

920 

921 

.3713 

799 

54 

6 

321 

629 

.3222 

758 

54 

7 

943 

.7296G 

.3705 

782 

53 

7 

344 

675 

.3214 

741 

53 

8 

967 

.73010 

.3697 

7C5 

52 

8 

367 

721 

.3206 

723 

52 

9 

.58990 

055 

.3688 

748 

51 

9 

390 

767 

.3198 

706 

51 

10 

.59014 

.73100 

1.3680 

.80730 

50 

10 

.60414 

.75812 

1.3190 

.79688 

50 

11 

037 

144 

.3672 

713 

49 

11 

437 

858 

.3182 

671 

49 

12 

061 

189 

.3663 

696 

48 

12 

460 

904 

.3175 

653 

48 

13 

084 

234 

.3655 

679 

47 

13 

483 

950 

.3107 

635 

47 

14 

108 

278 

.3647 

662 

46 

14 

506 

.75996 

.3159 

018 

46 

16 

.59131 

.73323 

1.3638 

.80644 

45 

15 

.60529 

.76042 

1.3151 

.79600 

45 

16 

154 

368 

.3630 

627 

44 

16 

553 

088 

.3143 

583 

44 

17 

178 

413 

.3622 

610 

43 

17 

576 

134 

.3135 

565 

43 

18 

201 

457 

.3613 

593 

42 

18 

599 

180 

.3127 

547 

42 

19 

225 

502 

.3605 

576 

41 

19 

622 

226 

.3119 

530 

41 

20 

.59248 

.73547 

1.3597 

.80558 

40 

20 

.60045 

.76272 

1.3111 

.79512 

40 

21 

272 

592 

.3588 

541 

39 

21 

60S 

318 


494 

39 

22 

295 

637 


524 

38 

22 

691 

364 


477 

38 

23 

318 

681 

.3572 

507 

37 

23 

714 

410 

.3087 

459 

37 

24 

342 

726 

.3564 

489 

30 

24 

738 

456 

.3079 

441 

36 

25 

.59365 

.73771 

1.3555 

.80472 

35 

25 

.60761 

.76502 

1.3072 

.79424 

35 

26 

389 

810 

.3547 

455 

34 

26 

784 

518 

.3064 

400 

34 

27 

412 

S61 

.3539 

438 

33 

27 

807 

594 

.3056 

388 

33 

28 

436 

903 

.3331 

420 

32 

28 

830 

640 

.3048 

371 


29 

459 

951 

.3322 

403 

31 

29 

853 

686 

.3040 

353 

31 

e a 

.59482 

.73996 

1.3514 

.80386 

30 

El 

.60876 

.76733 

1.3032 

.79335 

ED 

31 

506 

.74041 

.3306 

368 

29 

mU 

899 

779 

.3024 

318 

29 

32 

529 

086 

.3498 

351 

28 


922 

825 

.3017 

300 

28 

33 

532 

131 

.3490 

334 

27 

33 

945 

871 

.3009 

282 

27 

34 

576 

176 

.3181 

316 

20 

34 

968 

918 

.3001 

264 

20 

35 

.59599 

.74221 

1.3473 

.80299 

25 

35 

.60991 

.76964 

1.2993 

.79247 

25 

36 

622 

267 

.3405 

282 

24 

36 

.61013 

.77010 

.2985 

229 

24 

37 

616 

312 

.3457 

264 

23 

37 

038 

057 

.2977 

211 

23 

38 

669 

357 

.3449 

2 47 

22 

38 

KUHl 

103 

.2970 

193 

ESI 

39 

603 

402 

.3440 

230 

21 

39 

081 

149 

.2962 

176 

fit 


.59716 

.74447 

1.3432 

.80212 

20 

40 

.61107 

.77196 

1.2954 

.79158 


41 

739 

492 

.3424 

195 

19 

41 

130 

212 

.2946 

140 

19 

42 

763 

538 

.3416 

178 

IS 

42 

153 

289 

.2938 

122 

18 

43 

786 

5S3 

.3108 

160 

EB 

43 

170 

335 

.2931 

105 

17 

44 

809 

62S 

.3400 

143 

16 

44 

199 

382 

.2923 

087 

16 

45 

.59832 

.74674 

1.3392 

.80125 

15 

45 

.61222 

.77428 

1.2915 

.79069 

15 

46 

856 

719 j 

.3381 

108 

1 4 

46 

245 

ig^KfXf 

.2907 

051 

14 

47 

879 

761 

.3375 

MiliH 

13 

47 

268 

521 

.2900 

033 

13 

48 

902 

810 

.3307 

073 

12 

48 

291 

508 

.2892 

.79016 

12 

49 

926 

833 

.3359 

Kura 

11 

49 

314 

615 

.2884 

.78998 

11 

ED 

.59949 

.74900 

1.3351 

.80038 

10 

50 

.61337 

.77661 

1.2876 

.78980 

10 

51 

972 

946 

.3343 

021 


51 

300 

708 

.2869 

962 

lil 

52 

.59993 

.74991 

.3335 

.80003 


52 

383 


.2861 

944 


53 

.60019 

.75037 

.3327 

.79986 


53 

406 


.2853 

926 


54 

mm 

082 

.3319 

90S 


54 

429 


.2846 

908 


55 

.60065 

.75128 

1.3311 

.79951 


55 

.61451 

WnSfti 

1.2838 

.78891 


56 

089 

173 

.3303 

934 

4 

56 

474 

941 

.2830 

873 

4 

57 

112 

219 

.3295 

916 

3 

57 

497 

.77988 

.2822 

855 

3 

58 

135 

261 

.3287 

899 

2 

58 

520 

.78035 

.2815 

837 

2 

59 

158 

310 

.3278 

881 

1 

59 

543 

082 

.2807 

819 

1 

60 

.60182 

.75355 

1.3270 

.79864 

0 

60 

.61566 

.78129 

1.2799 

.78801 

0 


Co® 

_Ctn. 

Tan 

Sin 

/ 


Cos 

Ctn 

Tan 

Sin 

/ 


53° 52° 

















































II] 38° — Values of Trigonometric Functions — 39° 41 


H 

ESI 

Tan 

msm 

Cos 

□ 

t 

Sin 

Tan 

Ctn 

Cos 


0 

.61566 

.78129 

1.2799 

.78801 

El 

0 

.62932 

.80978 

1.2349 

.77715 

*eo 

1 

589 

175 

.2792 

783 

591 

1 

955 

.81027 

.2342 

696 

59 

2 

612 

222 

.2784 

705 

581 

2 

.62977 

075 

.2334 

678 

58 

3 

635 

269 

.2776 

747 

57 I 

3 

.63000 

123 

.2327 

660 

57 

4 

658 

316 

.2769 

729 

56 1 

4 

022 

171 

.2320 

641 

56 

5 

.61681 

.78363 

1.2761 

.78711 

55 

6 

.63045 

.81220 

1.2312 

.77623 

55 

fi 

704 

410 

.2753 

694 

54 

6 

068 

268 

.2305 

005 

54 

7 

726 

457 

.2740 

676 

53 

7 

090 

310 

.2298 

586 

53 

8 

749 

504 

.2738 

658 

52 

8 

113 

364 

.2290 

568 

52 

9 

772 

551 

.2731 

640 

51 

9 

135 

413 

.2283 

550 

51 

10 

.61795 

.78598 

1.2723 

.78622 

50 

10 

.63158 

.81461 

1.2276 

.77531 

El 

11 

818 

645 

.2715 

604 

49 

11 

180 

510 

.2268 

513 

49 

12 

841 

692 

.2708 

580 

48 

12 

203 

558 

wvm 

494 

43 

13 

864 

739 

.2700 

568 

47 

13 

225 

606 

■yj] 

476 

47 

14 

887 

786 

.2693 

550 

46 

14 

248 

655 

mill 1 

458 

46 

15 

.61909 

.78834 

1.2685 


45 

15 

.63271 

.81703 

1.2239 

.77439 

45 

10 

932 

881 

.2677 

514 

44 

16 

293 

752 

.2232 

421 

44 

17 

955 

928 

.2670 

490 

43 

17 

316 

800 

.2225 

402 

43 

18 

.61978 

.78975 

.2662 

478 

42 

18 

338 

849 

. 221 s 

384 

42 

19 

.62001 

.79022 

.2655 

460 

41 

19 

301 

898 

.2210 

366 

41 

20 

.62024 

.79070 

1.2647 

.78442 

40 

El 

.63383 

.81946 

1.2202 

.77347 

40 

p. n 

046 

117 

.2640 

424 

39 

21 

400 

.81995 

.2196 

329 

39 


069 

164 

.2632 

405 

38 

22 

428 

.82044 

.2189 

310 

38 

p, (i 

092 

212 

.2624 

387 

37 

23 

451 

092 

.2181 

292 

37 

24 

115 

259 

.2617 

369 

36 

24 

473 

141 

.2174 

273 

36 

25 

.62138 

.79300 

1.2609 

.73351 

35 

25 

.63490 

.82190 

1.2167 

.77255 

35 

26 

160 

354 

.2602 

333 

34 

26 

518 

238 

.2160 

236 

34 

27 

183 

401 

.2594 

315 

33 

27 

540 

287 

.2153 

218 

33 

28 

206 

449 

.2587 

297 

32 

28 

563 

336 

.2145 

199 

32 

29 

229 

496 

.2579 

279 

31 

29 

585 

385 

.2138 

181 

31 

E3 

.62251 

.79544 

1.2572 

.78261 

30 

30 

.63608 

.82434 

1.2131 

.77162 

El 

31 

274 

591 

.2504 

243 

29 

31 

630 

483 

.2124 

144 

29 

32 

297 

639 

.2557 

225 

28 

32 

653 

531 

.2117 

125 

28 

33 

320 

686 

.2549 

206 

27 

33 

675 

580 

.2109 

107 

27 

34 

342 

734 

.2542 

188 

20 

34 

698 

629 

.2102 

088 

26 

35 

.62365 

.79781 

1.2534 

.78170 

25 

35 

.63720 

.82678 

1.2095 

.77070 

m 

36 

388 

829 

.2527 

152 

24 

36 

742 

727 

.2038 

051 

24 

37 

411 

877 

.2519 

134 

23 

37 

705 

776 

.2081 

033 

23 

38 

433 

924 

.2512 

116 

22 

38 

787 

825 

.2074 

.77014 

22 

39 

456 

.79972 

.2504 

098 

21 

39 

810 

874 

.2066 

Ml 

21 

n 

.62479 

.80020 

1.2497 

.78079 

EM 


.63832 

.82923 

1.2059 


E3 

41 

| 502 

067 

.2489 

001 

19 

41 

854 

.82972 

.2052 

959 

19 

42 

524 

115 

.2482 

043 

18 

42 

877 

.83022 

.2045 

940 

18 

43 

547 

:03 

.2475 

025 

17 

43 

899 

071 

.2038 

921 

17 

-44 

570 

211 

.2407 

.78007 

16 

44 

922 

120 

■Wttll 

903 

16 

"45 

.62592 

.80258 

1.2460 

.77988 

15 

45 

.63944 

.83169 

1.2024 

.76884 

15 

46 

615 

306 

.2452 

970 

14 

46 

966 

218 

.2017 

866 

14 

47 

638 

354 

.2445 

952 

13 

47 

.63989 

208 

.2009 

847 

13 

48 

660 

402 

.2437 

934 

12 

48 

.64011 

317 

.2002 

828 

12 

49 

683 

450 

.2430 

916 

11 

49 

033 

30 G 

.1995 

810 

11 

ri 

.62706 

.80498 

1.2423 

.77897 

10 

El 

.64056 

.83415 

1.1988 

.76791 

10 

51 

728 

516 

.2415 

879 

9 

51 

078 

465 

.1981 

772 

9 

52 

i 751 

594 

.2408 

861 

8 

52 

100 

514 

.1974 

754 

8 

53 

774 

642 

.2401 

843 

7 

53 

123 

564 

.1967 

735 

7 

54 

796 

690 

.2393 

824 

6 

54 

145 

613 

.1960 

717 

6 

55 

.62819 

.80738 

1.2386 

.77806 

5 

55 

.64167 

.83662 

1.1953 

.76698 

5 

56 

842 

786 

.2378 

788 

4 

56 

190 

712 

.1946 

679 

4 

57 

864 

834 

.2371 

769 

3 

57 

212 

761 

.1939 

SMI 

3 

58 

887 

882 

.2364 

751 

2 

58 

234 

811 

.1932 

642 

2 

59 

909 

930 

.2356 

733 

1 

59 

256 

860 

.1925 

623 

1 

60 

.62932 

.80978 

1.2349 

.77715 

0 

E| 

.64279 

.83910 

1.1918 


Ej 


.Cos 

Ctn 

Tan 

Sin 

t 

_J 

Cos 

Ctn 

Tan 

Sin 1 

n 


51° 50° 










































42 40° — Values of Trigonometric Functions — 41° pi 

Cos 

76471 60 
452 59 
433 58 
414 57 
395 56 
.75375 56 
356 54 
337 53 
318 52 
299 51 
.75280 50 
261 49 
241 48 
222 47 
203 46 
.75184 45 
165 44 
146 43 
126 42 
107 41 
.75088 40 
069 39 
050 38 
030 37 
.75011 36 
.74992 35 
973 34 
953 33 
934 32 
915 31 
.74896 30 
876 29 
857 28 
838 27 
818 26 
.74799 25 
780 24 
760 23 
741 22 
722 21 
.74703 20 
683 19 
664 18 
644 17 
625 16 
.74606 15 
586 14 
567 13 
548 12 
528 11 
.74509 10 
489 9 

470 8 

451 7 

431 6 

.74412 5 

392 4 

373 3 

353 2 

334 1 

.74314 0 

Sin / 


Sin I Tan I Ctn Cos 


H 

Sin 

n 

.64279 . 

1 

301 . 

2 

323 . 

3 

346 

4 

368 

5 

.64390 

6 

412 

7 

435 

8 

457 

9 

479 

10 

.64501 

11 

524 

12 

546 

13 

568 

14 

590 

15 

.64612 

16 

635 

17 

657 

18 

679 

19 

701 

20 

.64723 

21 

746 

22 

768 

23 

790 

24 

812 

25 

.64834 

26 

856 

27 

878 

28 

901 

29 

923 

30 

64945 

31 

967 

32 

.64989 

33 

.65011 

34 

033 

35 

.65055 

36 

077 

37 

100 

38 

122 

39 

144 

40 

.65166 

41 

188 

42 

210 

43 

232 

44 

254 

45 

.65276 

46 

298 

47 

320 

48 

342 

49 

364 

50 

.65386 

51 

408 

52 

430 

53 

452 

54 

474 

55 

.65496 

56 

518 

57 

540 

58 

562 

59 

584 

30 

.65606 


1 Cos 


Ctn I Tan 
49° 


.76604 60 
586 59 
567 58 
548 57 
530 56 
.76511 55 
492 54 
473 53 
455 52 
436 51 
.76417 50 
398 49 
380 48 
361 47 
342 46 
.76323 45 
304 44 
286 43 
267 42 
248 41 
.76229 40 
210 39 
192 38 
173 37 
154 36 
.76135 35 
116 34 
097 33 
078 32 
059 31 
.76041 30 
022 29 
.76003 28 
.75984 27 
966 26 
.75946 25 
927 24 
908 23 
889 22 
870 21 
.75851 20 
832 19 
813 18 
794 17 
775 16 
.75756 15 
738 14 
719 13 
700 12 
680 11 
.75661 10 
642 9 

623 8 

604 7 

585 6 

.75566 5 

547 4 

528 3 

509 2 

490 1 

.75471 0 

Sin I ' 


H oi - Tan Ctn 

I I .65606 .86929 1.1504 
] 628 .86980 .1497 

3 650 .87031 .1490 

J 672 082 .1483 

J 694 133 .1477 

J .65716 .87184 1.1470 
3 738 236 .1463 

3 759 287 .1456 

3 781 338 .1450 

J 803 389 .1443 

Pj .65825 .87441 1.1436 
KQ 847 492 .1430 

itl 869 543 .1423 

IB 891 595 .1416 

m 913 646 .1410 

rn .65935 .87698 1.1403 
Bril 956 749 .1396 

El .65978 801 .1389 

itl .66000 852 .1383 

By 022 904 .1376 

PI .66044 .87955 1.1369 
HI 066 .88007 .1363 

IB 088 059 .1356 

ESI 109 110 .1349 

gl 131 162 .1343 

[3 >66153 .88214 1.1336 
m 175 265 .1329 

Erl 197 317 .1323 

E3 218 369 .1316 

gy 240 421 .1310 

PI .66262 .88473 1.1303 
Bl 284 524 .1296 

HI 306 576 .1290 

|3 327 628 .1283 

gl 349 680 .1276 

EJ .66371 .88732 1.1270 
El 393 784 .1263 

El 414 836 .1257 

436 888 .1250 

gy 458 940 .1243 

PI .66480 .88992 1.1237 
R1 501 .89045 .1230 

Wm 523 097 .1224 

Ea 545 149 .1217 

m 566 201 .1211 

PI .66588 .89253 1.1204 
610 306 .1197 

632 358 .1191 

653 410 .1184 

675 463 .1178 

.66697 .89515 1.1171 
718 567 .1165 

740 620 .1158 

762 672 .1152 

783 725 .1145 

.66805 .89777 1.1139 
827 830 .1132 

848 883 .1126 

870 935 .1119 

891 .89988 .1113 

.66913 .90040 1.1106 
1 Cos Ctn Tan 

48 ° 


H3 42° — Values of Trigonometric Functions — 43° 43 


■ 

mm 

EES 

Ct* 

Cos 



B 

Ena 

ESS 

Ctn 

ESS 

n 

0 

.66913 

.90040 

tWSM 

.74314 

60 


0 

.68200 

.93252 

1.0724 

.73135 

ci 

1 

935 

093 

.1100 

295 

59 


1 

221 

306 

.0717 

116 

59 

2 

956 

146 

.1093 

276 

58 


2 

242 

360 

.0711 

096 

58 

3 

978 

199 

.1087 

256 

57 


3 

264 

415 

.0705 

076 

57 

4 

.66999 

251 

.1080 

237 

56 


4 

285 

469 


056 

56 

5 

.67021 

.90304 

1.1074 

.74217 

55 


5 

.68306 

.93524 


.73036 

55 

6 

043 

357 

.1067 

198 

54 


6 

327 

578 

.0686 

.73016 

54 

7 

064 

410 


178 

53 


D 

349 

633 

.0680 

.72996 

53 

8 

086 

463 

KEBI 

159 

52 


BJ 

370 

688 

Kiltrtl 

976 

52 

9 

107 

516 

.1048 

139 

51 


9 

391 

742 

.0668 

957 

51 

10 

.67129 

.90569 

1.1041 

.74120 

50 


10 

.68412 

.93797 


.72937 

50 

11 

151 

621 

.1035 

100 

49 


11 

434 

852 

.0655 

917 

49 

12 

172 

674 

.1028 

080 

48 


m 

455 

906 

.0649 

897 

48 

13 

194 

727 

.1022 

061 

47 


13 

476 

.93961 

.0643 

877 

47 

14 

215 

781 

.1016 

041 

46 


14 

497 

.94016 

.0637 

857 

46 

15 

.67237 

.90834 

1.1009 

.74022 

45 


15 

.68518 

.94071 

1.0630 

.72837 

45 

16 

258 

887 

1UIIX1 

.74002 

44 


16 

539 

125 

.0624 

817 

44 

17 

280 

940 

.0996 

.73983 

43 


17 

561 

180 

. 06^8 

797 

43 

18 

301 

.90993 

.0990 

963 

42 


18 

582 

235 

.0612 

777 

42 

19 

323 

.91046 

.0983 

944 

41 


19 

603 

290 

.0606 

757 

41 

d 

.67344 

.91099 

1.0977 

.73924 

40 


20 

.68624 

.94345 

1.0599 

.72737 

40 

21 

366 

153 

.0971 

904 

39 


21 

645 

400 

.0593 

717 

39 

22 

387 

206 

KCmZl 

885 

38 


22 

666 

455 

.0587 

697 

38 

23 

409 

259 

.0958 

865 

37 


23 

688 

510 

.0581 

677 

37 

24 

430 

313 

.0951 

846 

36 


24 

709 

565 

.0575 

657 

36 

25 

.67452 

.91366 

1.0945 

.73826 

m 


25 

.68730 

.94620 

1.0569 

.72637 

86 

26 

473 

419 

.0939 

806 

34 


26 

751 

676 

.0562 

617 

34 

27 

495 

473 

.0932 

787 

33 


27 

772 

731 

.0556 

597 

33 

28 

516 

526 

.0926 

767 

32 


28 

793 

786 

.0550 

577 

32 

29 

538 

580 

.0919 

747 

31 


29 

814 

841 

.0544 

557 

31 

Ej 

.67559 

.91633 

1.0913 

.73728 

30 


30 

.68835 

.94896 

1.0538 

.72537 

80 

31 

580 

687 

.0907 

708 

29 


31 

857 

.94952 

.0532 

517 

29 

32 

602 

740 

.0900 

688 

28 


32 

878 

.95007 

.0526 

497 

28 

33 

623 

794 

.0894 

669 

27 


33 

899 

062 

.0519 

477 

27 

34 

645 

847 

.0888 

649 

26 


34 

920 

118 

.0513 

457 

26 

35 

.67666 

.91901 

1.0881 

.73629 

25 


35 

.68941 

.95173 

1.0507 

.72437 

25 

36 

688 

.91955 

.0875 

610 

24 


36 

962 

229 

.0501 

417 

24 

37 

709 

.92008 

.0869 

590 

23 


37 

.68983 

284 

.0495 

397 

23 

38 

730 

062 

.0862 

570 

22 


38 

.69004 

340 

.0489 

377 

22 

39 

752 

116 

.0856 

551 

21 


39 

025 

395 

.0483 

357 

21 

40 

.67773 

.92170 

1.0850 

.73531 

20 


40 

.69046 

.95451 

1.0477 

.72337 

20 

41 

795 

224 

.0843 

511 

19 


41 

067 

506 

.0470 

317 

19 

42 

816 

277 

.0837 

491 

18 


42 

088 

562 

.0464 

297 

18 

43 

837 

331 

.0831 

472 

17 


43 

109 

618 

.0458 

277 

17 

44 

859 

385 

.0824 

452 

16 


44 

130 

673 

.0452 

257 

16 

45 

.67880 

.92439 

1.0818 

.73432 

15 


45 

.69151 

.95729 

1.0446 

.72236 

15 

46 

901 

493 

.0812 

413 

14 


46 

172 

785 

.0440 

216 

14 

47 

923 

547 

.0805 

393 

13 


47 

193 

841 

.0434 

196 

13 

48 

944 

601 

.0799 

373 

12 


48 

214 

897 

.0428 

176 

12 

49 

965 

655 

.0793 

353 

11 


49 

235 

.95952 

.0422 

156 

11 

171 

.67987 

.92709 

1.0786 

.73333 

10 


50 

.69256 

.96008 

1.0416 

.72136 

10 

51 

.68008 

763 

.0780 

314 

9 


51 

277 

064 

mtl MU 

116 

9 

52 

029 

817 

.0774 

294 

8 


52 

298 

120 

.0404 

095 

8 

53 

051 

872 

.0768 

274 

7 


53 

319 

176 


075 

7 

54 

072 

926 

.0761 

254 

6 


54 

340 

232 

.0392 

055 

6 

55 

.68093 

.92980 

1.0755 

.73234 

5 


55 

.69361 

.96288 

1.0385 

.72035 

6 

56 

115 

.93034 

.0749 

215 

4 


56 

382 

344 

.0379 

.72015 

4 

57 

136 

088 

.0742 

195 

3 


57 

403 

400 

.0373 

.71995 

3 

58 

157 

143 

.0736 

175 

2 


58 

424 

457 

.0367 

974 

2 

59 

179 

197 

.0730 

155 

1 


59 

445 

513 

.0361 

954 

1 

EJ 

.68200 

.93252 

1.0724 

.73135 

0 


E3 

n 




K 1 


WSEm 

■3SS 

T7T^ 


n 




■ssri 

lea 

Ena 

n 





























44 44° — Values of Trigonometric Functions pi 


/ 

Sin 

Tan 

Ctn 

Cos 


T 

.69466 

.96569 

1.0355 

.71934 

60 

1 

487 

625 

.0349 

914 

59 

2 

508 

681 

.0343 

894 

58 

3 

529 

738 

.0337 

873 

57 

4 

549 

794 

.0331 

853 

56 

5 

.69570 

.96850 

1.0325 

.71833 

55 

c > 

591 

907 

.0319 

813 

54 

7 

612 

.96963 

.0313 

792 

53 

8 

633 

.97020 

.0307 

772 

52 

9 

654 

076 

.0301 

752 

51 

10 

.69675 

.97133 

1.0295 

.71732 

50 

11 

696 

189 

.0289 

711 

49 

12 

717 

246 

.0283 

691 

48 

13 

737 

302 

.0277 

671 

47 

14 

758 

359 

.0271 

650 

46 

15 

.69779 

.97416 

1.0265 

.71630 

45 

16 

800 

472 

.0259 

610 

44 

17 

821 

529 

.0253 

590 

43 

18 

842 

586 

.0247 

569 

42 

19 

862 

643 

.0241 

549 

41 

20 

.69883 

.97700 

1.0235 

.71529 

40 

21 

904 

756 

.0230 

508 

39 

22 

925 

813 

.0224 

488 

38 

23 

946 

870 

.0218 

468 

37 

24 

966 

927 

.0212 

447 

36 

25 

.69987 

.97984 

1.0206 

.71427 

35 

26 

.70008 

.98041 

.0200 

407 

34 

27 

029 

098 

.0194 

386 

33 

28 

049 

155 

.0188 

366 

32 

29 

070 

213 

.0182 

345 

31 

30 

.70091 

.98270 

1.0176 

.71325 

30 

31 

112 

327 

.0170 

305 

29 

32 

132 

384 

.0164 

284 

28 

33 

153 

441 

.0158 

264 

27 

34 

174 

499 

.0152 

243 

26 

35 

.70195 

.98556 

1.0147 

.71223 

25 

36 

215 

613 

.0141 

203 

24 

37 

236 

671 

.0135 

182 

23 

38 

257 

728 

.0129 

162 

22 

39 

277 

786 

.0123 

141 

21 

40 

.70298 

.98843 

1.0117 i 

.71121 

20 

41 

319 

901 

.0111 

100 

19 

42 

339 

.98958 

.0105 

080 

18 

43 

360 

.99016 

.0099 

059 

17 

44 

381 

073 

.0094 

039 

16 

45 

.70401 

.99131 

1.0088 

.71019 

15 

46 

422 

189 

.0082 

.70998 

14 

47 

443 

247 

.0076 

978 

13 

48 

463 

304 

.0070 

957 

12 

49 

484 

362 

.0064 

937 

11 

50 

.70505 

.99420 

1.0058 

.70916 

10 

51 

525 

478 

.0052 

896 

9 

52 

546 

536 

.0047 

875 

8 

53 

567 

594 

.0041 

855 

7 

54 

587 

652 

.0035 

834 

6 

55 

.70608 

.99710 

1.0029 

.70813 

5 

56 

628 

768 

.0023 

793 

4 

57 

649 

826 

.0017 

772 

3 

58 

670 

884 

.0012 

752 

2 

59 

690 

.99942 

.0006 

731 

1 

60 

.70711 

1.0000 

1.0000 

.70711 



Co8__ 

Ctn 

Tan 

Sin 1 

/ 


, 5 ° 



TABLE HI 


COMMON LOGARITHMS 

OF THE 

TRIGONOMETRIC FUNCTIONS 

FROM 

0° TO 90° AT INTERVALS OF ONE MINUTE 

TO 

FIVE DECIMAL PLACES 

From each logarithm given, subtract 10 


Table Ilia—Auxiliary Table of S aud 7 for A in Minutes 


S = log sin A — log A f and T = log tan A — log A' 


A' 

S+10 

O' - 13' 

6.46373 

14' - 42' 

72 

43' - 5S' 

71 

39' - 71' 

6.46370 

72' - 81' 

69 

82' - 91' 

68 

92' - 99' 

6.46367 

100' - 107' 

66 

108' - 115' 

65 

116' - 121' 

6.46364 

122' - 128' 

63 

129' - 134' 

62 

135' - 140' 

6.4G361 

141' - 146' 

60 

147' - 151' 

59 

152' - 137' 

6.46358 

158' - 162' 

57 

163' - 167' 

56 

168' - 171' 

6.46355 

172' - 176' 

54 

177' - 181' 

53 


A ' 

r+io 

0 ' - 26 ' 

6.46373 

27 ' - 39 ' 

74 

40 ' - 48 ' 

75 

49 ' - 50 ' 

6.46370 

57 ’ - 6 5 ' 

77 

64 ' - 69 ' 

78 

70 ' - 74 ' 

6.46379 

75 ' - SO ' 

80 

81 ' - 85 ' 

81 

86 ' - 89 ' 

6.46382 

90 ' - 94 ' 

83 

95 ' - 98 ' 

84 

99 ' - 102 ' 

6.46385 

103 ' - 106 ' 

80 

107 ' - 110 ' 

87 

111 ' - 113 ' 

6.46388 

114 ' - 117 ' 

89 

118 ' - 120' 

90 

121 ' - 124 ' 

6.46391 

125 ' - 127 ' 

92 

128 ' - 130 ' 

93 


A' 

T+10 

131' - 133' 

6.46394 

134' - 136' 

95 

137' - 139' 

96 

140' - 142' 

6.46397 

143' - 145' 

98 

146' - 148' 

99 

149' - 150' 

6.46400 

151' - 153' 

01 

154' - 156' 

02 

157' - 158' 

6.46403 

159' - 161' 

04 

162' - 163' 

05 

1G4' - 166' 

6.46406 

107' - 168' 

07 

169' - 171' 

08 

172' - 173' 

6.46409 

174' - 175' 

10 

176' - 178' 

11 

179' - 180' 

6.46412 

181' - 182' 

13 

183' - 184' 

14 


For small angles: log sin A = log A' + S and log tan A = log A* + T, 

For angles near 90°: log cos A = log (90° — A)' + S, log ctn A — log (90° — AY 
+ T where A' = number of minutes in A , and (90° — AY - number of minutes 
in 90° — A, 


45 



a 

/ 

"o 

1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

IS 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

50 

31 

32 

33 

34 

55 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 


— Logarithms of rrigonometric Functions 


4139 

3779 

3476 

3218 

2997 

2802 

2633 

2483 

2348 


848 

773 

704 

639 

579 

524 

472 

424 

379 


860 

843 

827 

812 

797 

782 

769 

755 

743 

730 


13.53 627 

13.23 524 
13.05 915 
12.93 421 

12.83 730 

12.75 812 
12.69 118 
12.63 318 
12.58 203 

12.53 627 
12.49 488 
12.45 709 
12.42 233 
12.39 014 
12.36 018 
12.33 215 
12.30582 
12.28 100 
12.25 752 

12.23 524 
12.21 405 
12.19 385 
12.17 454 
12.15 606 

JII? 12.13 833 
12.12 129 
12.10490 
12.08 911 
\f 7 \ 12.07 387 
™ 12.05 914 
12.04 490 
12.03111 
}®5 12.01775 
HS 12.00478 

\223 H.09 219 
«23 n.97 996 
iJ?? 11.96806 
11.95 647 

S n - 94619 

ZZL 11.93 419 
iZ* 11.92 347 
JSH 11.91300 
mi 11-00 278 
11.89 280 

IZ 11-88304 
5S 11.87 349 
2f! H.86415 
2*5 11.85 500 

11.84 605 

MO 1L83727 

2K 11.82 867 

11.82 024 
11.81196 
11.80384 
LZ 11.79 587 
HI 11.78 805 
22 11.78 036 
11.77 280 

11.76 538 
11.75 808 

LCtn I cd L Tan 


6.46 373 

6.76 476 

6.94 085 
7.06 579 
7.16 270 
7.24 188 
7.30 882 
7.36 682 
7.41 797 

7.46 373 
7.50 512 
7.54 291 
7.57 767 
7.60 986 
7.63 982 
7.66 785 
7.69 418 
7.71 900 
7.74 248 

7.76 476 
7.78 595 
7.80 615 
7.82 546 
7.84 394 

7.86 167 

7.87 871 
7.89 510 

7.91 089 

7.92 613 

7.94 086 

7.95 610 

7.96 889 

7.98 225 

7.99 522 
8.00 781 
8.02 004 
8.03 194 


8.04 353T 
8.05 481 
8.06 581 
8.07 653 
8.08700 
8.09 722 

8.10 720 

8.11 696 

8.12 651 

8.13 585 

8.14 500 

8.15 395 

8.16 273 

8.17 133 
8.17976 

8.18 804 

8.19 616 
8.20413 
8.21195 
8.21964 

8.22 720 

8.23 462 

8.24 192 


10.00 000 & 
10.00000 2? 
10.00 000 3: 
io.ooooo 33 
10.00 000 « 
10.00 000 2? 
10.00000 3 
10.00 000 3 
10.00000 3 
10.00000 3 
10.00 000 3 
10.00000 Ea 
10.00000 By 
io.oo ooo El 
10.00 000 El 

10.00 000 E3 

io.ooooo El 
9.99 999 Ed 
9.99 999 Ea 
9.99 999 nj 

9.99 999 E3 
9.99 999 M 
9.99 999 Ed 
9.99 999 E3 
9.99 999 Ej 
9.99 999 Ed 
9.99 999 El 
9.99 999 |3 
9.99 999 |3 
9.99 998 |J| 
9.99 998 Ed 
9.99 998 Ed 
9.99 998 Ed 
9.99 998 El 
9.99 998 El 
9.99 998 Ed 
9.99 998 El 
9.99 997 E3 
9.99 997 El 
9.99 997 £3 
9.99 997 E3 
9.99 997 El 
9.99 997 El 
9.99 997 El 
9.99 996 E| 
9.99 996 Ej 
9.99 996 |Q 
9.99 996 El 
9.99 996 |3 
9.99 996 Ml 
9.99 995 E] 
9.99 995 M 
9.99 995 E 
9.99 995 K 
9.99 995 m 
9.99 994 [ 
9.99 994 E 
9.99 994 E 
9.99 994 E 
9.99 994 E 
_9.99 993 E 
LSin I ' 


1-1 

U cf >? 

OH 3 

<> »-< 3 

co © 2 

Sg.2 

Jij 

sC a 

t » +> 
briO QO 08 

Sg* 

M © 
O ■** bo 

III 
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'— Logarithms of Trigonometric Functions 


proportional parts stated for 1° and 2° in this table are sufficient when great 
accuracy is not required, even if the ordinary method of interpolation is used. 













1 — Logarithms of Trigonometric Functions 47 




8.24 186 
8.24 903 

2 8.25 609 

3 8.26 304 

4 8.26 988 

5 8.27 661 
8.28 324 
8.28 977 

8 8.29 621 JJJ 

9 8.30 255 

10 8.30 879 , : 

11 8.31495 22 
8.32 103 

13 8.32 702 

14 8.33 292 

15 8.33 875 “ 

16 8.34 450 

17 8.35 018 

18 8.35 578 ^ 

19 8.36131 

8.36 678 ° r J 

21 8.37 217 ^ 

22 8.37 750 f* 

23 8.38 276 l*-® 

24 8.38 796 “® 

25 8.39 310 

26 8.39 818 J®» 

27 8.40 320 

28 8.40 816 ™ 

29 8.41307 
8.41792 f* 

31 8.42 272 J?® 

32 8.42 746 J'J 

33 8.43 216 J'® 

34 8.43 680 

35 8.44139 

36 8.44 594 

37 8.45 044 JJ® 

38 8.45 489 JJ? 

39 8.45 930 JJJ 

8.46 366 , 

41 8.46 799 " 

42 8.47 226 Jr' 

43 8.47 650 “ 

44 8.48 069 

45 8.48 485 * 

46 8.48 896 J“ 

47 8.49 304 J9® 

48 8.49 708 

49 8.50 108 J®® 
8.50 504 „ 

51 8.50 897 

52 8.51287 J®® 

53 8.51673 g® 

54 8.52 055 J® 

55 8.52 434 ® 

56 8.52 810 

57 8.53 183 373 

58 8.53 552 "g 

59 8.53 919 367 

60 8.54 282 


8.24192 

8.24 910 ™ 

8.25 616 

8.26 312 

8.26 996 S®* 

8.27 669 

8.28 332 

8.28 9S6 

8.29 629 

8.30 263 

8.30 888 * 

8.31505 

8.32 112 ®®J 
s.32 711 

8.33 302 Jgj 

8.33 SS6 “ 

8.34 461 ^5 

8.35 029 

8.35 590 

8.36 143 

8.36 689 ^ 

8.37 229 

8.37 7G2 5® 

8.38 289 'i 2 JL 

8.38 809 

8.39 323 * 

8.39 832 e9? 

8.40 334 

8.40 830 J®? 
8.41321 J?J 
S.41807 4Rn 

8.42 287 

8.42 762 J'* 

8.43 232 JJ® 

8.43 696 JJJ 

8.44 156 .„ p 
8.4 4 611 ™ 

8.45 001 JJ® 

8.45 507 JJ® 

8.45 948 

8.46 385 

8.46 817 “ 

8.47 245 J“J 

8.47 669 ^4 

8.48 089 ~® 

8.48 505 

8.48 917 

8.49 325 40 , 

8.49 729 J9J 
8.50130 *®J 

8.50 527 

8.50 920 
8.51310 3^0 
8.51696 Jg® 

8.52 079 383 

8.52 459 ,_ A 

8.52 835 376 

8.53 208 373 

8.53 578 370 

8.53 945 HI 

8.54 308 


11.75 808 
11.75 090 
11.74 384 
11.73 688 
11.73 004 
11.72 331 
11.71608 
11.71 014 
11.70 371 
11.69 737 
11.69 112 
11.08 495 
11.07 8 S 8 
11.07 289 
11.06 098 
11.66 114 
11.05 539 
11.64 971 
11 G 4 410 
11.63 857 
11.63 311 
11.02 771 
11.62 238 
11.61 711 
11.61 191 
11.60 677 
11 .GO 108 
11.59 666 
11.59 170 

13.58 679 

11.58 193 
11.57 713 
11.57 238 
11.56 768 
11.56 304 
11.55 844 
11.55 389 
11.54 939 
11.54 493 
11.54 052 
11.53 615 
11.53 183 
11.52 755 
11.52 331 
11.51911 
11.51 495 
11.51 083 
11.50 675 
11.50 271 
11.49 870 
11.49 473 
11.49 080 
11.48 690 
11.48 304 
11.47 921 
11.47 541 
11.47 165 
11.46 792 
11.46 422 
11.46 055 
11.45 692 




1 


9.99 993 

9.99 993 59 

9.99 993 58 

9.99 993 57 

9.99 992 56 

9.99 992 55 

9.99 992 54 

9.99 992 53 

9.99 992 

9.99 991 

9.99 991 

9.99 991 49 

9.99 990 48 

9.99 990 47 

9.99 990 46 

9.99 990 45 

9.99 989 44 

9.99 989 43 

9.99 989 

9.99 989 

9.99 988 

9.99 988 39 

9.99 988 38 

9.99 987 37 

9.99 987 36 

9.99 987 35 

9.99 980 34 

9.99 986 33 

9.99 980 32 

9.99 985 31 

9.99 985 

9.99 985 29 

9.99 984 28 

9.99 984 27 

9.99 984 26 

9.99 983 25 

9.99 983 24 

9.99 983 23 

9.99 982 22 

9.99 982 21 

9.99 982 

9.99 981 19 

9.99 981 18 

9.99 981 17 

9.99 980 16 

9.99 980 15 

9.99 979 14 

9.99 979 13 

9.99 979 

9.99 978 11 

9.99 978 10 

9.99 977 9 

9.99 977 

9.99 977 

9.99 976 

9.99 976 

9.99 975 

9.99 975 

9.99 974 

9.99 974 

9.99 974 


138 134 
207 201 
276 268 
345 335 
414 402 
483 469 
552 536 
621 603 

620 610 

124 122 
186 183 
248 214 
310 305 
372 366 
434 427 
406 488 
558 540 


070 560 
114 112 
171 108 

228 224 
285 280 
312 330 

309 392 
456 448 



650 

540 

530 

520 

2 

110 

108 

106 

104 

3 

105 

102 

159 

156 

4 

220 

210 

212 

208 

5 

276 

270 

205 

200 

6 

330 

321 

318 

312 

7 

385 

378 

371 

304 

8 

410 

4)2 

424 

416 

9 

405 

486 

477 

468 


510 

500 

400 

480 

2 

102 

100 

98 

96 

3 

153 

150 

147 

144 

4 

204 

230 

190 

102 

5 

255 

250 

245 

240 

0 

300 

300 

204 

288 

7 

357 

350 

343 

330 

8 

408 

400 

302 

3B4 

9 

459 

450 

441 

432 


470 

460 

450 

440 

2 

94 

92 

90 

88 

3 

141 

158 

135 

132 

4 

188 

184 

180 

176 

5 

236 

230 

225 

220 

0 

282 

276 

270 

264 

7 

329 

322 

315 

308 

8 

376 

308 

300 

352 

9 

423 

414 

405 

3B6 


430 

420 

410 

400 


123 120 
104 100 
205 200 
246 240 
287 280 
328 320 


370 300 
74 72 

111 108 
148 144 
185 180 
222 216 
259 252 
296 288 


LTan I L Sin 


initgnte i 


88° — Logarithms of Trigonometric Functions 
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2° — Logarithms of Trigonometric Functions 


cm 


LSin I d I L Tan led I L Ctn L Cos 


8.54 282 
8.54 642 

8.54 999 

8.55 354 

8.55 705 
8.56054 
8.56400 

8.56 743 

8.57 084 
8.57421 

n 8.57757 

8.58 089 
8.58 419 

8.58 747 

8.59 072 

8.59 395 
8.69 715 

8.60 033 
8.60349 
8.60 662 

8.60 973 

8.61 282 
8.61 689 

8.61 894 

8.62 196 
8.62 497 

8.62 795 

8.63 091 
8.63 385 

8.63 678 
Fil 8.63 968 

8.64 256 
8.64 543 

8.64 827 

8.65 110 
8.65 391 
8.65 670 

8.65 947 

8.66 223 
8.66497 

8.66 769 

8.67 039 
8.67 308 
8.67 575 

8.67 841 

8.68 104 
8.68367 

EVJ 8.68 627 
g£l 8.68 886 
pi 8.69 144 
“ 8.69 400 

8.69 654 

8.69 907 

8.70 159 
8.70 409 
8.70 658 

8.70 905 
8.71151 

8.71 395 

8.71 638 

5.71 880 
I LCos 


360 

357 

355 

351 

349 

346 

343 

341 

337 

336 

332 

330 

328 

325 

323 

320 

318 

310 
313 

311 
309 
307 
305 
302 
301 
298 
296 
294 
293 
290 
288 
287 
284 
283 
281 
279 
277 
276 
274 
272 
270 
2G9 
267 
266 
263 
263 
260 
259 
258 
256 
254 
253 
252 
250 
249 
247 
246 
244 
243 
242 


8.54 308 

8.54 669 

8.55 027 
8.55 382 

8.55 734 

8.56 083 
8.56429 

8.56 773 

8.57 114 
8.57452 

8.57 788 

8.58 121 
8.58 451 

8.58 779 

8.59 105 
8.59 428 

8.59 749 
8.00 008 
8 . G 0 384 

8.60 698 

8.61 009 
8.61 319 

8.61 62 G 
8 . G 1 931 

8.62 234 

8.62 535 
8 . G 2 834 

8.63 131 
8.63 426 

8.63 718 
8.04 009 

8.64 298 
8.64 585 

8.64 870 

8.65 154 
8.65 435 
8.65 715 

8.65 993 

8.66 269 

8.66 543 
8.66 816 

8.67 087 
8.67 356 
8.67 624 

8.67 890 

8.68 154 
8.68417 
8.68 678 

8.68 938 

8.69 196 
8.69453 
8.69 708 

8.69 962 

8.70 214 
8.70465 
8.70 714 

8.70 962 

8.71 208 
8.71 453 
8.71 697 
8.71 940 


L Ctn I c d 


361 

358 

355 

352 

349 

346 

344 

341 

338 

336 

333 

330 

328 

326 

323 

321 

310 
316 
314 

311 
310 
307 
305 
303 
301 
299 
297 
295 
292 
291 
289 
287 
285 
284 
281 
280 
278 
276 
274 
273 
271 
269 
268 
206 
264 
263 
261 
200 
258 
257 
255 
254 
252 
251 
249 
248 
246 
245 
244 
243 


11.45 692 
11.45 331 
11.44 973 
11.44 618 
11.44 266 
11.43 917 
11.43 571 
11.43 227 
11.42 886 
11.42 548 
11.42 212 
11.41 879 
11.41 549 
11.41221 
11.40 895 
11.40 572 
11.40 251 
11.39 932 
11.39 616 
11.39 302 
11.38 991 
11.38 681 
11.38 374 
11.38 069 
11.37 706 
11.37 465 
11.37 166 
11.36 869 
11.36 574 
11.36 282 
11.35 991 
11.35 702 
11.35 415 
11.35 130 
11.34 846 
11.34 565 
11.34 285 
11.34 007 
11.33 731 
11.33 457 
11.33 184 
11.32 913 
11.32 644 
11.32 376 
11.32 110 
11.31846 
11.31 583 
11.31322 
11.31062 
11.30 804 
11.30 547 
11.30 292 
11.30 038 
11.29 786 
11.29 535 
11.29 286 
11.29 038 
11.28 792 
11.28 547 
11.28 303 
11.28 060 


LTan LSin 


9.99 974 
9.99 973 
9.99 973 
9.99 972 
9.99 972 
9.99 971 
9.99 971 
9.99 970 
9.99 970 
9.99 969 
9.99 969 
9.99 9 G 8 
9.99 9 G 8 
9.99 9 G 7 
9.99 967 
9.99 967 
9.99 96 G 
9.99 966 
9.99 965 
9.99 964 
9.99 964 
9.99 963 
9.99 963 I 
9.99 962 
9.99 962 
9.99 961 
9.99 961 
9.99 9 G 0 
9.99 9 G 0 
9.99 959 
9.99 959 
9.99 958 
9.99 958 
9.99 957 
9.99 956 
9 . C 9 956 
9.99 955 
9.99 955 
9.99 954 
9.99 954 
9.99 953 
9.99 952 
9.99 952 
9.99 951 
9.99 951 
9.99 950 
9.99 949 
9.99 949 
9.99 948 
9.99 948 
9.99 947 
9.99 946 
9.99 946 
9.99 945 
9.99 944 
9.99 944 
9.99 943 
9.99 942 
9.99 942 
9.99 941 
9.99 940 


Prop. Pts. 


324 

345 

69.0 

103.5 
138.0 

172.5 
207.0 

241.5 
27G.0 

310.5 


365 

71.0 

106.5 
142.0 

177.5 
213.0 

248.5 
284.0 

319.5 


102 

136 

170 

204 

238 

272 

306 


63.0 

94.5 

126.0 

157.6 

189.0 

220.5 
252.0 

283.5 


62 

03 

124 

155 

186 

217 

218 
279 


67.0 

85.5 

114.0 

142.5 
171.0 

109.5 
228.C 

250.5 


370 

54 

81 

108 

135 

162 

189 

216 

243 

856 

51.0 

76.5 

102.0 

127.5 
153.0 

178.5 
204.0 

229.5 


56 

84 

H2 

140 

168 

196 

224 

252 


350 

70 

105 

140 

175 

210 

245 

280 

315 

335 

67.0 

100.5 
134.0 

167.5 
231.0 

231.5 
268.0 

301.5 



330 

325 

320 

2 

66 

65.0 

64 

3 

99 

97.5 

96 

4 

132 

130.0 

128 

5 

165 

162.5 

160 

6 

198 

195.0 

192 

7 

231 

227.5 

224 

8 

234 

260.0 

256 

9 

297 

292.5 

288 


315 

310 

306 


61.0 
9..5 
122.0 

152.5 
183.0 

213.5 
211.0 

274.5 



300 

295 

290 

2 

60 

59.0 

58 

3 

00 

8S.5 

87 

4 

120 

118.0 

116 

5 

150 

147.5 

145 

6 

180 

177.0 

174 

7 

210 

206.6 

203 

8 

210 

236.0 

232 

9 

270 

265.5 

261 


285 

280 

275 


265 

53.0 

79.5 

106.0 

132.5 
159.0 

185.5 
212.0 

238.6 

350 

50 

75 

100 

125 

150 

175 

200 

225 


65.0 

82.5 
110.0 

137.5 
165.0 

192.5 
220.0 

247.5 

260 

52 

78 

104 

130 

156 

182 

208 

234 

345 

49.0 

73.5 
98.0 

122 5 
147.0 

171.5 
190.C 

220.5 


Prop. Pts. 


87° — Logarithms of Trigonometric Functions 



— Logarithms of Trigonometric Functions 


LSin I d LTan | c d | L Ctn | L Cos 


Prop. Pt8» 


8.71880 
o.72 120 nog 
8.72 359 239 
8.72 597 ‘38 

8.72 834 237 

8.73 069 234 
8.73 303 
8.73 535 23- 
8.73 767 232 

8.73 997 230 

8.74 226 2 28 

11 8.74 454 |28 

12 8.74 680 226 
13 8.74 906 226 

14 8.75130 224 

15 8 75 353 L> 

16 8.75 575 222 

17 8.75 795 go 

18 8.76 015 220 
19 8.76 234 

8.76 451 f 
21 8.76 667 216 
22 8.76 883 “16 

23 8.77 097 214 

24 8.77 310 213 

25 8.77 522 ", 

26 8.77 733 211 

27 8.77 943 210 

28 8.78152 209 

29 8.78 360 208 

30 8.78 568 ~ 

31 8.78 774 “06 

32 8.78 979 

33 8.79 183 204 

34 8.79 386 203 

35 8.79 588 ~ 

36 8.79 789 

37 8.79 990 “01 

38 8.801S9 

39 8.80 388 

40 8.80 585 * 

41 8.80 782 

42 8.80978 

43 8.81 173 

44 8.81367 J" 

45 8.81560 * 

46 8.81752 * 

47 8.81944 J** 

48 8.82 134 };X 

49 8.82 324 
8.82 513 

51 8.82 701 

52 8.82 888 *!' 

53 8.83 075 

54 8.83 261 

55 8.83 446 ™ 

56 8.83 630 JfJ 

57 8.83 813 

58 8.83 996 }!? 

59 8.84177 
8.84 358 


8.71940 
8.72 181 241 
8.72 420 “39 
8.72 659 239 

8.72 896 “37 

8.73 132 ZT. 
8.73 366 234 
8.73 600 “34 

8.73 832 232 

8.74 063 231 
8.74292 ;; 

8.74 521 229 

8.74 748 2-7 
8.74 974 2-6 
8.75199 22o 

8.75 423 - 

8.75 615 222 

8.75 867 2-- 

8.76 087 “-0 
8.76 306 219 

8.76 525 21 _ 

8.76 742 217 
8.76 958 216 
8.77173 21o 

8.77 387 211 

8.77 600 ", 

8.77 811 211 

8.78 022 “11 
8.78 232 “IQ 
8.78441 " 

8.78 649 20fl 
8.78 855 206 

8.79 061 “X? 
8.79 266 
8.79 470 203 
8.79 673 2QO 

8.79 875 “0- 

8.80 076 “JJJ 
8.80 277 “ 1 
8.80 476 Jjg 

8.80 674 
S.S0 872 \H 
8.81068 }£. 
8.81264 
8.81459 
8.81653 10 „ 

8.81 846 

8.82 038 \i 2 
8.82 230 
8.82 420 
8.82 610 lfiQ 
8.82 799 ill 

8.82 987 J2 

8.83 175 
8.83 361 
8.83 547 ; g5 
8.83 732 }5? 

8.83 916 

8.84 100 }” 
8.84 282 \H 
8.84 464 


11.28 060 

11.27 819 

11.27 580 

11.27 341 

11.27 104 

11.26 868 

11.26 634 

11.26 400 

11.26 168 

11.25 937 

11.25 708 

11.25 479 

11.25 252 

11.25 026 

11.24 801 

11.24 577 

11.24 355 

11.24 133 

11.23 913 

11.23 C 94 

11.23 475 

11.23 258 

11.23 042 

11.22 827 

11.22 613 

11.22 400 

11.22 1 S 9 

11.21 978 
11.21768 

11.21 559 

11.21 351 

11.21 145 

11.20 939 

11.20 734 

11.20 530 

11.20 327 

11.20 125 

11.19 924 

11.19 723 

11.19 524 

11.19 326 

11.19 128 

11.18 932 

11.18 736 

11.18 541 

11.18 347 

11.18 154 

11.17 962 

11.17 770 

11.17 580 

11.17 390 

11.17 201 

31.17 013 

11.16 825 

11.16 639 

11.16 453 

11.16 268 

11.16 084 

11.15 900 

11.15 718 

11.15 536 


9.99 940 

9.99 940 

9.99 939 

9.99 938 

9.99 938 

9.99 937 

9.99 936 

9.99 936 

9.99 935 

9.99 934 

9.99 934 
9 . 9 ‘> 933 

9.99 932 

9.99 932 

9.99 931 

9.99 930 

9.99 929 

9.99 929 

9.99 928 

9.99 927 

9.99 926 

9.99 926 

9.99 925 

9.99 924 

9.99 923 

9.99 923 

9.99 922 

9.99 921 

9.99 920 

9.99 920 

9.99 919 

9.99 918 

9.99 917 

9.99 917 

9.99 916 

9.99 915 

9.99 914 

9.99 913 

9.99 913 

9.99 912 

9.99 911 

9.99 910 

9.99 909 

9.99 909 

9.99 908 

9.99 907 

9.99 906 

9.99 905 

9.99 904 

9.99 904 

9.99 903 

9.99 902 

9.99 901 

9.99 900 

9.99 899 

9.99 898 

9.99 898 

9.99 897 

9.99 896 

9.99 895 

9.99 894 


340 

835 

230 

48 

47.0 

46 

72 

70.6 

69 

96 

94.0 

92 

120 

117.6 

115 

144 

141.0 

138 

168 

164 5 

161 

192 

188 0 

184 

216 

211.6 

207 


213 

211 

2u8 

42.6 

42.2 

41.6 

63 0 

63 3 

62.4 

85 2 

84.4 

83.2 

106 5 

105.5 

104 0 

127 8 

126.6 

124.8 

14V 1 

147.7 

145.6 

170.4 

168.8 

166.4 

191.7 

189.9 

187.2 

206 

203 

201 

41.2 

40.6 

40.2 

61 8 

60 0 

60.3 

82.4 

81.2 

80.4 

103.0 

101.5 

100.5 

123.6 

121.8 

120.6 

144.2 

142.1 

140.7 

164.8 

162.4 

160.8 

185.4 

182.7 

180.9 

199 

197 

195 

39.8 

39.4 

39.0 

69.7 

59 1 

58 5 

79 6 

78 8 

78 0 

99.6 

98 5 

97.5 

1194 

118.2 

117.0 

139.3 

137.9 

130.5 

159.2 

157.6 

156.0 

179.1 

177.3 

176.6 

193 

192 

190 

38.6 

38.4 

38.0 

67.9 

£7 6 

57.0 

77.2 

76.8 

76.0 

96.5 

96 0 

95.0 

115.8 

115.2 

114.0 

135.1 

134.4 

133.0 

154.4 

153.6 

152.0 

173.7 

172.8 

171.0 

188 

186 

184 

37.6 

37.2 

86.8 

66.4 

£5.8 

55.2 

75.2 

74.4 

73.6 

94.0 

93.0 

92.0 

112.8 

111.6 

110 4 

131.6 

130.2 

128.8 

150.4 

148.8 

147.2 

169.2 

167.4 

165.6 

188 

182 

181 


£4.6 £4 3 

72.8 72.4 

91.0 90.£ 
109.2 108.6 
127.4 126.7 
145.6 144.8 
163.8 162.9 









8.84 358 

8.84 539 JSJ 

8.84 718 }J® 

8.84 897 

8.85 075 

8.85 252 ‘l 

8.85 429 J77 

8.85 605 17? 

8.85 780 Ji; 

8.85 955 J1S 

8.86128 JI 

8.80 301 17;] 

8.86 474 }4V 

8.86 645 '} 

8.86 816 17} 

8.86 987 ™ 

8.87 156 JS® 

8.87 325 1? 

8.87 494 JS® 

8.87 661 }?7 

8.87 829 

8.87 995 I?? 

8.88 101 I?? 

8.88 326 I?" 

8.88 490 

8.88 654 "Z 

8.88 817 IS? 

8.88 980 I?? 

8.89 142 1?2 

8.89 304 

8.89 464 

8.89 625 }?1 

8.89 784 }?? 

8.89 943 If® 
8.90102 JS® 

8.90200 rz 

8.90 417 I?! 

8.90 574 J?7 

8.90 730 IS? 

8.90 885 I?? 
8.91040 
8.91195 I?" 
8.91349 I"? 
8.91502 IS? 
8.91655 1"? 
8.91807 :; 
8.91959 1ST 

8.92 110 lSl 

8.92 261 J Si 

8.92 411 }J® 

8.92 561 

8.92 710 II® 

8.92 859 I?” 

8.93 007 It* 

8.93 154 1J7 

8.93301 ::: 

8.93 448 I« 

8.93 594 }tS 

8.93 740 It® 

8.93 885 

8.94 030 

I L Cos d 


8.84 404 
8.84 646 

8.84 826 

8.85 006 
8.85 185 
8.85 363 
8.85 540 
8.85 717 

8.85 893 

8.86 069 
8.86 243 
8.86 417 
8.86 591 

8.86 763 
8.80 935 

8.87 106 
8.87 277 
8.87 447 
8.87 616 
8.87 785 

8.87 953 

8.88 120 
8.88 287 
8.88 453 
8.88 618 
8.88 783 

8.88 948 

8.89 111 
8.89 274 
8.89 437 
8.89 598 
8.89 760 

8.89 920 

8.90 080 
8.90 240 
8.90 399 
8.90 557 
8.90 715 

8.90 872 

8.91 029 
8.91 185 
8.91 340 
8.91 495 
8.91 650 
8.91 803 

8.91 957 

8.92 110 
8.92 262 
8.92 414 
8.92 565 
8.92 716 

8.92 866 

8.93 016 
8.93 165 
8.93 313 
8.93 462 
8.93 609 
8.93 756 

8.93 903 

8.94 049 
8.94 195 

L Ctn 


11.15 536 
11.15 334 
11.15 174 
11.14 994 
11.14 815 
11.14 637 
11.14 460 
11.14 283 
11.14 107 
11.13 931 
11.13 757 
11.13 583 
11.13 409 
11.13 237 
11.13 005 
11.12 894 
11.12 723 
11.12 553 
11.12 384 
11.12 215 
11.12 047 
11.11880 
11.11713 
11.11547 
11.11382 
11.11217 
11.11052 
11.10 889 
11.10 726 
11.10 563 
11.10 402 
11.10 240 
11.10080 
11.09 920 
11.09 7G0 
11.09 601 
11.09 443 
11.09 285 
11.09 128 
11.08 971 
11.08 815 
11.08 660 
11.08 505 
11.08 350 
11.08 197 
11.08 043 
11.07 890 
11.07 738 
11.07 586 
11.07 435 
11.07 284 
11.07 134 
11.06 984 
11.06 835 
11.06 687 
11.06 538 
11.06 391 
11.06 244 
11.06 097 
11.05 951 
11.05 805 
L Tan 


9.99 894 60 

9.99 893 59 

9.99 892 58 

9.99 891 57 

9.99 891 56 

9.99 890 55 

9.99 889 54 

9.99 888 53 

9.99 887 52 

9.99 886 51 

9.99 885 50 

9.99 884 49 
9.09 883 48 

9.99 882 47 

9.99 881 46 
0.99 880 45 

9.99 879 44 

9.99 879 43 

9.99 878 42 

9.99 877 41 

9.99 876 40 

9.99 875 39 

9.99 874 38 

9.99 873 37 

9.99 872 36 

9.99 871 35 

9.99 870 34 

9.99 869 33 

9.99 868 32 

9.99 867 31 

9.99 8G6 30 

9.99 8G5 29 

9.99 864 28 

9.99 863 27 

9.99 802 26 

9.99 861 25 

9.99 860 24 

9.99 859 23 

9.99 858 22 

9.99 857 21 

9.99 856 20 

9.99 855 19 

9.99 854 18 

9.99 853 17 

9.99 852 1G 

9.99 851 15 

9.99 850 14 

9.99 848 13 

9.99 847 12 

9.99 846 11 

9.99 845 10 

9.99 844 9 

9.99 843 8 

9.99 842 7 

9.99 841 6 

9.99 840 5 

9.99 839 4 

9.99 838 3 

9.99 837 2 

9.99 836 1 

1 9.99 834 0 

LSin I 7 


181 

160 

179 

36.2 

36.0 

35.8 

54.3 

54.0 

53.7 

72.4 

72.0 

71.6 

90.5 

00.0 

89.5 

108.6 

108.0 

107.4 

126.7 

126.0 

125.3 

144.8 

144.0 

143.2 

102.9 

162.0 

161.1 

177 

175 

173 

35.4 

35.0 

34.6 

53.1 

52.5 

51.9 

70.8 

70.0 

69.2 

88.5 

87.5 

86 5 

106.2 

105.0 

103 S 

323.9 

122.5 

121.1 

141.6 

140.0 

138.4 

159.3 

157.5 

155.7 

171 

170 

169 

34.2 

34.0 

33.8 

51.3 

51.0 

50.7 

68.4 

68.0 

67.6 

85.5 

85.0 

84.5 

102.6 

102.0 

101.4 

119.7 

119.0 

118.3 

136.8 

136.0 

135.2 

153.9 

153.0 

152.1 

167 

165 

163 

33.4 

33.0 

32.6 

50.1 

49.5 

48.9 

66.8 

66.0 

65.2 

83.5 

82.5 

81.5 

100.2 

99.0 

97.8 

316.9 

115.5 

114.1 

133.6 

132.0 

130.4 

150.3 

148.5 

146.7 

161 

160 

159 

32.2 

32.0 

31.8 

48.3 

48.0 

47.7 

64.4 

64.0 

63.6 

80.5 

80.0 

79.5 . 

96.6 

96.0 

95.4 , 

112.7 

112.0 

111.3 I 

128.8 

128.0 

127.2 I 

144.9 

144.0 

143.1 1 

187 

IBB 

163 

31.4 

31.0 

30.6 

47.1 

40.5 

45.9 

62.8 

62.0 

61.2 

78.5 

77.5 

76.5 . 

94.2 

93.0 

91.8 

109.9 

108.5 

107.1 

125.6 

124.0 

122.4 

141.3 

139.5 

137.7 


Prop. Pts. 


85° — Logarithms of Trigonometric Junctions 
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0 8.94 030 ... 8.94195 

1 8.94174 }ff 8.94 340 

2 8.94 317 }f? 8.94 485 

3 8.94 4G1 iff 8.94 630 

4 8.94 603 ™ 8.94773 

5 8.94 746 “ 8.94 917 

6 8.94 887 }fj 8.95 060 

7 8.95 029 }f? 8.95 202 

8 8.95 170 iff 8.95 344 

9 8.95 310 8.95 486 

10 8.95 450 8.95 627 

11 8.95 589 }f® 8.95 767 

12 8.95 728 }?? 8.95 908 

13 8.95 867 }?? 8.96 047 

14 8.96 005 8.96187 

15 8.96143 :iZ 8.96325 

16 8.96 280 }?' 8.96 464 

17 8.96 417 }?i 8.96 602 

18 8.96 553 }?? 8.96 739 

19 8.96 689 8.96 877 

20 8.96 825 ZZ 8.97013 

21 8.96 960 i?? 8.97150 

22 8.97 095 8.97 285 

23 8.97 229 Jff 8.97 421 

24 8.97 363 Jg 8.97 556 

25 8.97 496 iff 8.97 691 

26 8.97 629 }?? 8.97 825 

27 8.97 762 Jg 8.97 959 

28 8.97 894 }?? 8.98 092 

29 8.98 026 8.98 225 

30 8.98157 ::: 8.98 358 

31 8.98 288 }?} 8.98 490 

32 8.98 419 }?f 8.98 622 

33 8.98 549 }?° 8.98753 

34 8.98 679 8.98 884 

35 8.98 808 * 8.99 015 

36 8.98 937 Jf® 8.99145 

37 8.99 066 if? 8.99 275 

38 8.99 194 }“? 8.99 405 

39 8.99 322 8.99 534 

40 8.99 450 ~ 8.99 662 

41 8.99 577 }fi 8.99 791 

42 8.99 704 }fi 8.99 919 

43 8.99 830 if? 9.00 046 

44 8.99 956 9.00174 

45 9.00082 * 9.00 301 

46 9.00 207 i?5 9.00 427 

47 9.00332 }?? 9.00 553 

48 9.00 456 iff 9.00 679 

49 9.00581 ]:* 9.00 805 

50 9.00 704 * 9.00 930 

51 9.00 828 iff 9.01055 

52 9.00 951 iff 9.01179 

53 9.01074 }ff 9.01303 

54 9.01196 }ff 9.01427 

55 9.01318 Z* 9.01550 

56 9.01440 if? 9.01673 

57 9.01561 ifi 9.01796 

58 9.01 682 }f} 9.01918 

59 9.01803 9.02 040 

60 9.01923 9.02 162 

■ L Cos d L Ctn 


L Ctn 

L Cos 


11.05 805 

9.99 834 

60 

11.05 6 G 0 

9.99 833 

59 

11.05 515 

9.99 832 

58 

11.05 370 

9.99 831 

57 

11.05 227 

9.99 830 

56 

11.05 083 

9.99 829 

55 

11.04 940 

9.99 828 

54 

11.04 798 

9.99 827 

53 

11.04 656 

9.99 825 

52 

11.04 514 

9.99 824 

51 

11.04 373 

9.99 823 

50 

11.04 233 

9.99 822 

49 

11.04 092 

9.99 821 

48 

11.03 953 

9.99 820 

47 

11.03 813 

9.99 819 

46 

11.03 675 

9.99 817 

45 

11.03 536 

9.99 816 

44 

11.03 398 

9.99 815 

43 

11.03 201 

9.99 814 

42 

11.03 123 

9.99 813 

41 

11.02 987 

9.99 812 

40 

11.02 850 

9.99 810 

39 

11.02 716 

9.99 809 

38 

11.02 579 

9.99 808 

37 

11.02 444 

9.99 807 

36 

11.02 309 

9.99 806 

35 

11.02 175 

9.99 804 

34 

11.02 041 

9.99 803 

33 

11.01908 

9.99 802 

32 

11.01 775 

9.99 801 

31 

11.01 642 

9.99 800 

30 

11.01510 

9.99 798 

29 

11.01378 

9.99 797 

28 

11.01 247 

9.99 796 

27 

11.01116 

9.99 795 

26 

11.00 985 

9.99 793 

25 

11.00 855 

9.99 792 

24 

11.00 725 

9.99 791 

23 

11.00 595 

9.99 790 

22 

11.00466 

9.99 788 

21 

11.00 338 

9.99 787 

20 

11.00 209 

9.99 786 

19 

11.00 081 

9.99 785 

18 

10.99 954 

9.99 783 

17 

10.99 826 

9.99 782 

16 

10.99 699 

9.99781 

15 

10.99 573 

9.99 780 

14 

10.99 447 

9.99 778 

13 

10.99 321 

9.99 777 

12 

10.99 195 

9.99776 

11 

10.99 070 

9.99775 

10 

10.98 945 

9.99 773 

9 

10.98 821 

9.99 772 

8 

10.98697 

9.99 771 

7 

10.98 573 

9.99 769 

6 

10.98 450 

9.99 768 

5 

10.98 327 

9.99 767 

4 

10.98 204 

9.99 765 

3 

10.98 082 

9.99 764 

2 

10.97 960 

9.99 763 

1 

10.97 838 

9.99 761 

0 

L Tan 

1 L Sin 

I ' 


_Prop. Pts. 


142 

141 

2 S .4 

28.2 

42.0 

42.3 

6 ( 1.8 

60.4 

71.0 

70.6 

t > r >.2 

84.0 

m »4 

98.7 

m.o 

112 8 

127.8 

120.9 


139 138 

27.8 27.8 

41 7 41.4 

55.0 55 2 
88.5 09.0 

8 :i 4 82 S 


120.0 

126.1 

124.2 

137 

136 

198 

27.4 

27.2 

27.0 

41 1 

40.8 

40.5 

6 t 8 

64 4 

64.0 

68 j 

68.0 

67.6 

82 2 

81.6 

81 0 

96 9 

96.2 

94.5 

1(1 *.0 

108.8 

108.0 

123.3 

122.4 

121.5 

134 

133 

132 

26.8 

26.6 

20.4 

40.2 

39.9 

30.0 

63.0 

63.2 

52.8 

67.0 

66.5 

66.0 

80.4 

79.8 

79.2 

93.8 

93.1 

92.4 

107.2 

106.4 

105.8 

120.0 

119.7 

118.8 


131 

130 

129 

26.2 

26.0 

25.8 

39.3 

39 .Q 

38.7 

52.4 

62.0 

61.6 

65.5 

65.0 

04.6 

78.0 

78.0 

77.4 

91.7 

91.0 

90.3 

104.8 

104.0 

103.2 

117.9 

117.0 

116.1 

128 

127 

126 

25.6 

25.4 

25.2 

38.4 

38.1 

37.8 

51.2 

50 8 

50.4 

64.0 

03.5 

63.0 

76.8 

76.2 

75.6 

89.6 

88.9 

88.2 

102.4 

101.6 

100.8 

115.2 

114.3 

113.4 

125 

124 

123 

25.0 

24.8 

24.6 

37.5 

37.2 

36.9 

50 0 

49.6 

49.2 

62.5 

62.0 

61.5 

75.0 

74.4 

73.8 

87.5 

86.8 

86.1 

100.0 

90.2 

98.4 

112.5 

111.6 

110.7 

122 

121 

120 

24.4 

24.2 

24.0 

30.6 

36.3 

36.0 

48.8 

48.4 

48.0 

61.0 

60.5 

60.0 

73.2 

72.6 

72.0 

85.4 

84.7 

84.0 

97.6 

96.8 

96.0 

109.8 

108.9 

108.0 


Prop. Pts. 


84° — Logarithms of Trigonometric Functions 


a 

/ 

” 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

n 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 J 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 


Logarithms of Trigonometric Functions pn 


ESS3BI L Ctn 


9.02 162 
9.02 283 
9.02 404 
9.02 525 
9.02 645 
9.02 766 
9.02 885 
9.03 005 
9.03 124 
9.03 242 
9.03 361 
9.03 479 
9.03 597 
9.03 714 
9.03 832 
9.03 948 
9.04 065 
9.04 181 
9.04 297 
9.04 413 
9.04 528 
9.04 643 
9.04 758 
9.04 873 
9.04 987 
9.05 101 
9.05 214 
9.05 328 
9.05 441 
9.05 553 
9.05 666 
9.05 778 
9.05 890 
9.06 002 
9.06 113 
9.06 224 
9.06 335 
9.06 445 
9.06 556 
9.06 666 
9.06 775 
9.06 8 S 5 
9.06 994 
9.07 103 
9.07 211 
9.07 320 
9.07 428 
9.07 636 
9.07 643 
9.07 751 
9.07 858 
9.07 964 
9.08 071 
9.08 177 
9.08 283 
9.08 389 
9.08 495 
9.08 600 
9.08 705 
9 . C 8 810 


121 

121 

121 

120 

121 

119 

120 
119 
118 
119 
118 
118 

117 

118 
116 
117 
116 
116 
116 
115 
115 
115 
115 
114 
114 

113 

114 
113 
112 
113 
112 
112 
112 
111 
111 
111 
110 
111 
110 

109 

110 
109 
109 
108 
109 
ICS 
108 

107 

108 
107 
106 
107 
106 
106 
106 
106 
105 
105 

103 

104 


10.97 838 

10.97 717 

10.97 596 

10.97 475 

10.97 355 

10.97 234 

10.97 115 

10.96 995 

10.96 876 

10.96 758 

10.96 639 

10.96 521 
10.96403 

10.96 286 

10.96 168 
10.96052 

10.95 935 

10.95 819 

10.95 703 

10.95 587 

10.95 472 

10.95 357 

10.95 242 

10.95 127 

10.95 013 

10.94 899 

10.94 786 

10.94 672 

10.94 559 

10.94 447 

10.94 334 

10.94 222 

10.94 110 

10.93 998 

10.93 887 

10.93 776 

10.93 665 

10.93 555 

10.93 444 

10.93 334 

10.93 225 

10.93 115 

10.93 006 

10.92 897 

10.92 789 

10.92 680 

10.92 572 

10.92 464 

10.92 357 

10.92 249 

10.92 142 

10.92 036 

10.91 929 

10.91 823 

10.91 717 

10.91 611 

10.91 605 
10.91400 

10.91 295 
10.91190 

10.91 086 
L Tan 


9.99 761 

9.99 760 

9.99 759 

9.99 757 

9.99 756 

9.99 755 

9.99 753 

9.99 752 

9.99 751 

9.99 749 

9.99 748 

9.99 747 

9.99 745 

9.99 744 

9.99 742 

9.99 741 

9.99 740 

9.99 738 

9.99 737 

9.99 736 

9.99 734 

9.99 733 

9.99 731 

9.99 730 

9.99 728 

9.99 727 

9.99 726 

9.99 724 

9.99 723 

9.99 721 

9.99 720 

9.99 718 

9.99 717 

9.99 716 

9.99 714 

9.99 713 

9.99 711 

9.99 710 

9.99 708 

9.99 707 

9.99 705 

9.99 704 

9.99 702 

9.99 701 

9.99 699 

9.99 698 

9.99 696 

9.99 695 

9.99 693 

9.99 692 

9.99 690 

9.99 689 

9.99 687 

9.99 686 

9.99 684 

9.99 683 

9.99 681 

9.99 680 

9.99 678 

9.99 677 

9.99 675 



Logarithms of Trigonometric Functions 








in] 7® — Logarithms of Trigonometric Functions 


53 


L Sin d I L Tan c d 


□ 9.08 589 
9.08 692 
i 9.08 795 
9.08 897 
| 9.08 999 
9.09 101 
9.09 202 
9.09 304 
| 9.09 405 
9.09 506 
9.09 606 
9.09 707 
9.09 807 
9.09 907 
9.10 006 
9.10 106 
9.10 205 
9.10 304 
9.10 402 
9.10 501 
EJ 9.10 599 
9.10 697 
9.10 795 
9.10 893 

9.10 990 

I 9.11 087 

9.11 184 

E l 9.11 281 

9.11 377 
J 9.11474 
J 9.11 570 
9.11 666 
9.11 761 
9.11 857 
9.11 952 
9.12 047 
9.12 142 
9.12 236 

H 9.12 331 
9.12 425 
9.12 519 
9.12 612 
9.12 706 
9.12 799 
9.12 892 
9.12 985 
9.13 078 
9.13 171 
9.13 263 
9.13 355 
9.13 447 
9.13 539 
9.13 G30 
9.13 722 
9.13 813 
9.13 904 
9.13 994 
9.14 085 
9.14 175 
9.14 266 
9.14 356 
L Cos 


9.08 914 
9.09 019 
9.09 123 
9.09 227 
9.09 330 
9.09 434 
9.09 537 
9.09 640 
9.09 742 
9.09 845 
9.09 947 
9.10 049 
9.10 150 
9.10 252 
9.10 353 
9.10 454 
9.10 555 
9.10 656 
9.10 756 
9.10 856 

9.10 956 

9.11 056 
9.11 155 
9.11 254 
9.11 353 
9.11 452 
9.11551 
9.11 649 
9.11 747 
9.11 845 

9.11 943 

9.12 040 
9.12 138 
9.12 235 
9.12 332 
9.12 428 
9.12 525 
9.12 621 
9.12 717 
9.12 813 

9.12 909 

9.13 004 
9.13 099 
9.13 194 
9.13 289 
9.13 384 
9.13 478 
9.13 573 
9.13 GG7 
9.13 7G1 
9.13 854 

9.13 948 

9.14 041 
9.14 131 
9.14 227 
9.14 320 
9.14 412 
9.14 504 
9.14 597 
9.14 688 
9.14 780 


LCtn 


105 

104 

104 

103 

104 
103 
103 
102 
103 
102 
102 
101 
102 
101 
101 
101 
101 
100 
100 
100 
100 

09 

09 

09 

99 


cd 


LCtn 

L Cos 


10.91 086 

9.99 G75 

60 

10.90 981 

9.99 674 

59 

10.90 877 

9.99 672 

58 

10.90 773 

9.99 670 

57 

10.90 670 

9.99 GG9 

56 

10.90 566 

9.99 667 

65 

10.90 403 

9.99 606 

54 

10.90 300 

9.99 004 

53 

10.90 258 

9.99 6G3 

52 

10.90 155 

9.99 661 

51 

10.90 053 

9.99 659 

60 

10.89 951 

9.99 658 

49 

10.89 850 

9.99 650 

48 

10.89 748 

9.99 055 

47 

10.89 647 

9.99 653 

46 

10.89 546 

9.99 651 

46 

10.89 445 

9.99 G50 

44 

10.89 344 

9.99 648 

43 

10.89 244 

9.99 647 

42 

10.89 144 

9.99 645 

41 

10.89 044 

9.99 643 

40 

10.88 944 

9.99 642 

39 

10.88 845 

9.99 640 

38 

10.88 746 

9.99 638 

37 

10.88 647 

9.99 G37 

36 

10.88 548 

9.99 635 

35 

10.88 449 

9.99 633 

34 

10.88 351 

9.99 632 

33 

10.88 253 

9.99 030 

22 

10.88 155 

9.99 629 

31 

10.88 057 

9.99 627 

30 

10.87 960 

9.99 625 

29 

10.87 8G2 

9.99 624 

28 

10.87 7G5 

9.99 622 

27 

10.87 GG8 

9.99 620 

26 

10.87 572 

9.99 618 

25 

10.87 475 

9.99 617 

24 

10.87 379 

9.99 615 

23 

10.87 283 

9.99 G13 

22 

10.87 187 

9.99 612 

21 

10.87 091 

9.99 610 

20 

10.86 996 

9.99 608 

19 

10.86 901 

9.99 607 

18 

10.86 806 

9.99 605 

17 

10.86 711 

9.99 603 

16 

10.86 616 

9.99 601 

15 

10.86 522 

9.99 600 

14 

10.86 427 

9.99 598 

13 

10.86 333 

9.99 596 

12 

10.86 239 

9.99 595 

11 

10.86 146 

9.99 593 

10 

10.86 052 

9.99 591 

9 

10.85 959 

9.99 589 

8 

10.85 866 

9.99 588 

7 

10.85 773 

9.99 586 

6 

10.85 G80 

9,99 584 

5 

10.85 588 

9.99 582 

4 

10.85 496 

9.99 581 

3 

10.85 403 

9.99 579 

2 

10.85 312 

9.99 577 

1 

10.85 220 

9.99 575 

0 

L Tan 

L Sin 

* 


Prop. Pte. 



106 

104 

10S 

2 

3 

4 

21.0 

31.5 

42.0 

20.8 
i H 

20.0 

m 

5 

52 5 

52.0 

51.5 

0 

63.0 

62.4 

01.8 

7 

73.5 

72.8 

72.1 

8 

81.0 

83.2 

82.4 

9 

94.5 

93.0 

92.7 


102 

101 

•9 

2 

20.4 

20.2 

19.8 

3 

30.0 

30.3 

29.7 

4 

40.8 

40.4 

39.0 

5 

' 61.0 

60.5 

49.5 

6 

61.2 

60.0 

59.4 

7 

71.4 

PI 

00.3 

8 

81.6 

79.2 

9 

91.8 

90.9 

89.1 


98 

97 

94 

2 

11 , .6 

19.4 

19.2 

3 

29.4 

29.1 

28.8 

4 

39.2 

38.8 

38.4 

5 

49.0 

48.5 

4 K .0 

0 

58.8 

58.2 

67.0 

7 

68 6 

C 7.9 

67.2 

8 

78.4 

77.0 

70.8 

9 

88.2 

87.3 

86.4 


96 

94 

93 

2 1 

19.0 

18.8 

18.0 

3 i 

28.5 

28.2 

27.9 

4 

38.0 

37.0 

37.2 

6 

47.6 

47.0 

40.5 

6 

57.0 

60.4 

65.8 

7 

63.5 

05.8 

05.1 

8 

9 

70.0 

85.5 

75.2 

84.0 

74 4 
83.7 


93 

91 

90 

2 

1 S .4 

38.2 

18.0 

3 

27.6 

27.3 

27.0 

4 

3 1.8 

30.4 

30.0 

6 

40.0 

45.5 

45.9 

6 

5 r >.2 

54.0 

54.0 
63 0 

7 

01.4 

63.7 

8 

9 

7 'i 0 
82*8 

72.8 

81.9 

72.0 

81.0 


From the toy: 

For 7° + or 187°+, 
read as printed; for 
97° + or 277°+ read 
co-function. 

From the bottom: 

For 82° + or 262° + , 
read as printed; for 
172°+ or 352°+ read 
co-function. 


82° — Logarithms of Trigonometric Functions 


Prop. Pts. g 
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8° — Logarithms of Trigonometric Functions 


Oil 


LSin id | LTan 


9.14 356 
9.14 445 
9.14 535 
9.14 624 
9.14 714 
9.14 803 
9.14 891 

9.14 980 

9.15 069 
9.15 157 
9.15 245 
9.15 333 
9.15 421 
9.15 508 
9.15 596 
9.15 683 
9.15 770 
9.15 857 

9.15 944 

9.16 030 
9.16 116 
9.16 203 
9.16 289 
9.16 374 
9.16 460 
9.16 545 
9.16 631 
9.16 716 
9.16 801 
9.16 886 

9.16 970 

9.17 055 
9.17 139 
9.17 223 
9.17 307 
9.17 391 
9.17 474 
9.17 558 
9.17 641 
9.17 724 
9.17 807 
9.17 890 

9.17 973 

9.18 055 
9.18 137 
9.18 220 
9.18 302 
9.18 383 
9.18 465 
9.18 547 
9.18 628 
9.18 709 
9.18 790 
9.18 871 

9.18 952 

9.19 033 
9.19 113 
9.19 193 
9.19 273 
9.19 353 

IZij 9.19 433 

I L Cos 


1.14 780 
►.14 872 

1.14 963 
►.15 054 
►.15 145 
►.15 236 
►.15 327 
►.15 417 
►.15 508 
►.15 598 

1.15 688 
►.15 777 
►.15 867 
►.15 956 
►.16 046 
►.16 135 
►.16 224 
►.16 312 

1.16 401 
(.16 489 

9.16 577 
9.16 665 
9.16 753 
9.16 841 

9.16 928 

9.17 016 
9.17 103 
9.17 190 
9.17 277 
9.17 363 
9.17450 
9.17 536 
9.17 622 
9.17 708 
9.17 794 
9.17 880 

9.17 965 

9.18 051 
9.18 136 
9.18 221 
9.18 306 
9.18 391 
9.18 475 
9.18 5G0 
9.18 644 
9.18 728 
9.18 812 
9.18 896 

9.18 979 

9.19 063 
9.19 146 
9.19 229 
9.19 312 
9.19 395 
9.19 478 
9.19 561 
9.19 643 
9.19 725 
9.19 807 
9.19 889 
9.19 971 


d | L Ctn 


cd 


L Ctn I L Cos 


10.85 220 
10.85 128 
10.85 037 
10.84 946 
10.84 855 
10.84 764 
10.84 673 
10.84 583 
10.84 492 
10.84 402 
10.84 312 
10.84 223 
10.84 133 
10.84 044 
10.83 954 
10.83 865 
10.83 776 
10.83 688 
10.83 599 
10.83 511 
10.83 423 
10.83 335 
10.83 247 
10.83 159 
10.83 072 
10.82 984 
10.82 897 
10.82 810 
10.82 723 
10.82 637 
10.82 550 
10.82 464 
10.82 378 
10.82 292 
10.82 206 
10.82 120 
10.82 035 
10.81 949 
10.81 864 
10.81 779 
10.81 694 
10.81 609 
10.81 525 
10.81 440 
10.81 356 
10.81 272 
10.81188 
10.81 104 
10.81 021 
10.80937 
10.80 854 
10.80 771 
10.80 688 
10.80 605 
10.80522 
10.80439 
10.80 357 
10.80 275 
10.80 193 
10.80111 
10.80 029 


cdl LTan I LSin 


9.99 575 
9.99 574 
9.99 572 
9.99 570 
9.99 568 
9.99 566 
9.99 565 
9.99 563 
9.99 561 
9.99 559 
9.99 557 
9.99 556 
9.99 554 
9.99 552 
9.99 550 
9.99 548 
9.99 546 
9.99 545 
9.99 543 
9.99 541 
9.99 539 
9.99 537 
9.99 535 
9.99 533 
9.99 532 
9.99 530 
9.99 528 
9.99 526 
9.99 524 
9.99 522 
9.99 520 
9.99 518 
9.99 517 
9.99 515 
9.99 513 
9.99 511 
9.99 509 
9.99 507 
9.99 505 
9.99 503 
9.99 501 
9.99499 
9.99 497 
9.99 495 
9.99 494 
9.99 492 
9.99 490 
9.99 488 
9.99 486 
9.99 484 
9.99 482 
9.99 480 
9.99 478 
9.99 476 
9.99 474 
9.99 472 
9.99 470 
9.99 468 
9.99 466 
9.99 464 
9.99 462 


| Prop. Pt& 


60 

59 
68 
57 
56 
65 
54 
53 
52 
51 

60 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
36 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 



92 

91 

90 

2 

18.4 

18.2 

18.0 

3 

27.6 

27.3 

27.0 

4 

36.8 

36.4 

36.0 

5 

46.0 

45.5 

45.0 

6 

55.2 

54.6 

54.0 

7 

64.4 

63.7 

63.0 

8 

73.6 

72.8 

72.0 

9 

82.8 

81.9 

81.0 


89 

88 

87 

2 

17.8 

17.6 

17.4 

3 

26.7 

26.4 

26.1 

4 

35.6 

35.2 

34.8 

5 

44.5 

44.0 

43.5 

6 

53.4 

52.8 

52.2 

7 

62.3 

61.6 

60.9 

8 

71.2 

70.4 

69.6 

9 

80.1 

79.2 

78.3 


86 

85 

84 

2 

17.2 

17.0 

16.8 

3 

25.8 

25.5 

25.2 

4 

34.4 

34.0 

33.6 

5 

43.0 

42.5 

42.0 

6 

51.6 

51.0 

50.4 

7 

60.2 

59.5 

58.8 

8 

68.8 

68.0 

67.2 

9 

77.4 

76.5! 

75.6 

2 ^ 

83 

82 ! 

81 


16.6 

16.4 

16.2 

3 

24.9 

24.6 

24.3 

4 

33.2 

32.8 

32.4 

5 

41.5 

41.0 

40.5 

6 

49.8 

49.2 

48.6 

7 

58.1 

57.4 

56.7 

8 

G6.4 

65.6 

G4.8 

9 

74.7 

73.8 

72.9 


From the top: 

For 8 6+ or 188°+ 
read as printed; for 
98° + or 278 0+ t read 
co-function. 

From the bottom: 

For 81°+ or 261®+, i 
read as printed; for" 
171°+ or 351°+, read 

co-fv notion. 


Prop. Pts. 


81° — Logarithms of Trigonometric Functions 


mi 9° — Logarithms of Trigonometric Functions 
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L Sin 


9.19 433 

9.19 513 

9.19 592 

9.19 672 

9.19 751 

9.19 830 

9.19 909 

9.19 988 
9.20067 

9.20 145 

9.20 223 

9.20 302 

9.20 380 

9.20 458 

9.20 535 

9.20 613 

9.20 691 

9.20 768 

9.20 845 

9.20 922 

9.20 999 

9.21 076 

9.21 153 

9.21 229 

9.21 306 

9.21 382 

9.21 458 

9.21 534 

9.21 610 

9.21 685 

9.21 761 

9.21 836 

9.21 912 

9.21 987 

9.22 062 

9.22 137 

9.22 211 

9.22 286 

9.22 361 

9.22 435 

9.22 509 

9.22 583 

9.22 657 

9.22 731 

9.22 805 

9.22 878 

9.22 952 

9.23 025 

9.23 098 

9.23 171 

9.23 244 

9.23 317 

9.23 390 

9.23 462 

9.23 535 

9.23 607 

9.23 679 

9.23 752 

9.23 823 

9.23 895 

9.23 967 


L Cos 


d I L Tan cd 


9.19 971 
9.20053 

9.20 134 
9.20216 

9.20 297 
9.20378 

9.20 459 

9.20 540 
9.20621 

9.20 701 

9.20 782 

9.20 862 

9.20 942 
9.21022 
9.21102 
9.21182 

9.21 261 

9.21 341 

9.21 420 

9.21 499 

9.21 578 

9.21 657 

9.21 736 

9.21 814 

9.21 893 

9.21 971 

9.22 049 

9.22 127 

9.22 205 

9.22 283 

9.22 361 

9.22 438 

9.22 516 

9.22 593 

9.22 670 

9.22 747 

9.22 824 

9.22 901 

9.22 977 

9.23 054 

9.23 130 

9.23 206 

9.23 283 

9.23 359 

9.23 435 

9.23 510 

9.23 586 

9.23 661 

9.23 737 

9.23 812 

9.23 887 

9.23 962 

9.24 037 

9.24 112 

9.24 186 
9.24261 

9.24 335 

9.24 410 

9.24 481 

9.24 558 

9.24 632 


L Ctn 


cd 


L Ctn 


10.80 029 

10.79 947 

10.79 866 

10.79 784 

10.79 703 

10.79 622 

10.79 541 

10.79 460 

10.79 379 

10.79 299 

10.79 218 

10.79 138 

10.79 058 

10.78 978 

10.78 898 

10.78 818 

10.78 739 

10.78 659 

10.78 580 

10.78 601 

10.78 422 

10.78 313 

10.78 264 

10.78 ISO 

10.78 107 

10.78 029 

10.77 951 

10.77 873 

10.77 795 

10.77 717 

10.77 639 

10.77 662 

10.77 484 

10.77 407 

10.77 330 

10.77 253 

10.77 176 

10.77 099 

10.77 023 

10.76 946 

10.76 870 

10.76 794 

10.76 717 
10 . 7 G 641 

10.76 565 
10.76490 

10.76 414 

10.76 339 

10.76 263 

10.76 188 

10.76 113 

10.76 038 

10.75 963 

10.75 888 

10.75 814 

10.75 739 

10.75 665 

10.75 590 

10.75 516 

10.75 442 

10.75 368 


L Tan 


L Cos 


9.99 462 

9.99 460 

9.99 458 

9.99 456 

9.99 454 

9.99 452 

9.99 450 

9.99 448 

9.99 446 

9.99 444 
9.99442 

9.99 440 

9.99 438 
9.99436 

9.99 434 

9.99 432 

9.99 429 

9.99 427 

9.99 425 

9.99 423 

9.99 421 

9.99 419 

9.99 417 

9.99 415 

9.99 413 

9.99 411 

9.99 409 

9.99 407 

9.99 404 

9.99 402 

9.99 400 

9.99 398 

9.99 396 

9.99 394 

9.99 392 

9.99 390 

9.99 388 

9.99 385 

9.99 383 

9.99 381 

9.99 379 

9.99 377 

9.99 375 

9.99 372 

9.99 370 

9.99 368 

9.99 366 

9.99 364 

9.99 302 

9.99 359 

9.99 357 

9.99 355 

9.99 353 

9.99 351 

9.99 348 

9.99 346 

9.99 344 

9.99 342 

9.99 340 

9.99 337 

9.99 335 


LSin 


Prop. Pts. 



82 

81 

80 

2 

16.4 

16.2 

16.0 

3 

21.6 

24.3 

24.0 

4 

32.8 

32.4 

32.0 

5 

41.0 

40.5 

40.0 

6 

49.2 

48.6 

48.0 

7 

57.4 

56.7 

56.0 

8 

65.6 

64.8 

61.0 

9 

73.8 

72.9 

72.0 


79 

78 

77 

2 

15.8 

15.6 

15.4 

3 

23.7 

23.4 

23.1 

4 

31.6 

31.2 

30.8 

5 

39.5 

39.0 

38.5 

6 

47.1 

46.8 

46.2 

7 

5«>.3 

54.6 

53.9 

8 

63.3 

62.4 

61.6 

9 

71.1 

70.2 

69.3 


78 

75 

74 

2 

15.2 

15.0 

14.8 

3 

22.8 

22.5 

22.2 

4 

30.4 

30.0 

29.6 

5 

38.0 

37.5 

37.0 

6 

45.6 

45.0 

44.4 

7 

53.2 

52.5 

51.8 

8 

60.8 

60.0 

59.2 

9 

68.4 

67.5 

66.6 


73 

72 

71 

2 

14.6 

14.4 

14.2 

3 

21.9 

21.6 

21.3 

4 

29.2 

28.8 

28.4 

6 

36.5 

36.0 

35.5 

6 

43.8 

43.2 

42.6 

7 

51.1 

50.4 

49.7 

8 

58.4 

57.6 

56.8 

9 

65.7 

64.8 

63.9 


From, the top: 

For 9°+ or 180°+ 
read as printed; for 
99° + or 279°+, read 
co-function. 

From the bottom: 
For 80° + or 260° + , 
read as printed; for 
170°+ or 350°+ read 

co-function. 


Prop. Pts* 

80° — Logarithms of Trigonometric Functions 



56 10°—Logarithms of Trigonometric Functions [in 


LSin I d I LTan 


imi 


L Ctn L Cos 


Prop. Pts, 


0 9.23 967 _ n 

1 9.24 039 JJ 

2 9.24110 If 

3 9.24181 H 

4 9.24 253 


5 9.24 324 l! 

6 9.24 395 \} 

7 9.24 466 H 

8 9.24 536 I® 

9 9.24 607 'I 


10 9.24 677 1: 

11 9.24 748 IJ; 

12 9.24 818 

13 9.24 888 J® 

14 9.24 958 J® 
16 9.25 028 ™ 

16 9.25 098 J® 

17 9.25168 J® 

18 9.25 237 ®® 

19 9.25 307 J® 

20 9.25 376 

21 9.25 445 

22 9.25 514 

23 9.25 583 

24 9.25 652 
26 9.25 721 

26 9.25 790 

27 9.25 858 

28 9.25 927 rQ 

29 9.25 995 ®? 

30 9.26063 * 

31 9.26131 J® 

32 9.26199 ®* 

33 9.26 267 ®f 

34 9.26 335 ®| 
36 9.26 403 !! 

36 9.26470 ®' 

37 9.2G538 ®f 

38 9.26 605 ?' 

39 9.26 672 ®' 

40 9.26 739 ^ 

41 9.26 806 ®; 

42 9.26 873 % 

43 9.26 940 

44 9.27 007 91 
46 9.27 073 A7 

46 9.27 140 % 

47 9.27 206 99 

48 9.27 273 9J 

49 9.27 339 99 
60 9.27 405 Z 

51 9.27471 59 

52 9.27 537 5? 

53 9.27 602 ®J 

54 9.27 668 99 
65 9.27 734 ™ 

56 9.27 799 ®? 

57 9.27 864 ®? 

58 9.27930 5® 

59 9.27 995 ®J 

60 9.28 060 


9.24 632 
9.24 706 
9.24 779 
9.24 853 

9.24 926 

9.25 000 
9.25 073 
9.25 146 
9.25 219 
9.25 292 
9.25 365 
9.25 437 
9.25 510 
9.25 582 
9.25 655 
9.25 727 
9.25 799 
9.25 871 

9.25 943 

9.26 015 
9.26 086 
9.26 158 
9.26 229 
9.26 301 
9.2G 372 
9.26 443 
9.26 514 
9.26 585 
9.26 655 
9.26 726 
9.26 797 
9.26 867 

9.26 937 

9.27 008 
9.27 078 
9.27 148 
9.27 218 
9.27 288 
9.27 357 
9.27 427 
9.27 496 
9.27 566 
9.27 635 
9.27 704 
9.27 773 
9.27 842 
9.27 911 

9.27 980 
9.28049 

9.28 117 
9.28 186 
9.28 254 
9.28 323 
9.28 391 
9.28459 
9.28 627 
9.28 595 
9.28 6G2 
9.28 730 
9.28 798 
9.28 865 


10.75 368 
10.75 294 
If 10.75221 
It 10.75147 

7 1 10.75074 
L 10.75 000 
If 10.74927 
If 10.74 854 
If 10.74781 
'f 10.74708 

72 10.74635 
10.74563 

If 10.74490 
I? 10.74418 
If 10.74345 


72 10.74273 
If 10.74201 
If 10.74129 
If 10.74057 
I? 10.73 985 


7 . 10.73 914 
I? 10.73 842 
II 10.73771 
I? 10.73 699 
If 10.73 628 


10.73 657 
1} 10.73486 
10.73415 
I® 10.73 345 
7 ] 10.73274 
J. 10.73 203 
I? 10.73133 
I® 10.73063 
II 10.72992 
I? 10.72922 


I! 10.72 852 
I® 10.72 782 
I? 10.72712 
?? 10.72 643 
J® 10.72573 
7n 10.72504 
I® 10.72434 
?? 10.72 365 
®® 10.72 296 
H 10.72227 
A0 10.72158 
S® 10.72 089 
®® 10.72 020 
?? 10.71951 
?! 10.71883 


10.71814 
®f 10.71746 
S® 10.71677 
ll 10.71609 
S! 10.71541 
Z 10.71473 
10.71405 
®i 10.71338 
®f 10.71270 
1° 10.71202 
10.71135 


9.99335 
9.99333 
9.99331 
9.99328 
9.99 326 
9.99 324 
9.99 322 
9.99319 
9.99317 
9.99 315 
9.99313 
9.99 310 
9.99308 
9.99 30G 
9.99304 
9.99301 
9.99299 
9.99297 
9.99294 
9.99292 
9.99290 
9.99 288 
9.99285 
9.99283 
9.99281 
9.99278 
9.99 276 
9.99274 
9.99 271 
9.99 2G9 
9.99267 
9.99 264 
9.99 262 
9.99 2G0 
9.99257 
9.99255 
9.99 252 
9.99 250 
9.99 248 
9.99245 
9.99 243 
9.99 241 
9.99238 
9.99 236 
9.99 233 
9.99 231 
9.99 229 
9.99 226 
9.99 224 
9.99 221 
9.99 219 
9.99 217 
9.99214 
9.99 212 
9.99209 
9.99207 
9.99 204 
9.99 202 
9.99 200 
9.99197 
9.99195 


74 

73 

14.8 

14.6 

22 2 

21.9 

29.6 

29.2 

37.0 

36.5 

44.4 

43.8 

51.8 

51.1 

50.2 

58.4 

66.6 

65.7 




71 

70 

69 

14.2 

14.0 

13.8 

21.3 

21.0 

20.7 

28.4 

28.0 

27.6 

35.5 

35.0 

34.5 

42.6 

42.0 

41.4 

49.7 

49.0 

48.3 

56.8 

56.0 

55.2 

63.9 

63.0 

62.1 


68 

67 

66 

13.6 

13.4 

13.2 

20.4 

20.1 

19.8 

27.2 

26.8 

26.4 

34.0 

33.5 

33.0 

40.8 

40.2 

39.6 

47.6 

46.9 

46.2 

54.4 

53.6 

52.8 

61.2 

60.3 

59.4 


65 

3 

2 

13.0 

0.6 

0.4 

19.5 

0.9 

0.6 

26.0 

1.2 

0.8 

32.5 

1.5 

1.0 

39.0 

1.8 

1.2 

45.5 

2.1 

1.4 

52.0 

2.4 

1.6 

58.5 

2.7 

1.8 


From the top: 

For 10°+or 190°+ 
read as printed; for 
100° + or280 o+ , read 
co-function. 


From the bottom: 
For 79°+or 259°+, 
read as printed; for 
169°+or349°+read 
co-function. 


LCos I d | LCtn |cdI LTan | LSin |d| 


Prop. Pts. 


79° — I rittiniq of Trionnoitietrir Fpmcfion** 







mi 11° — Logarithms of Trigonometric Functions 57 


' L Sin 

0 9.28 060 

1 9.28 125 

2 9.28190 

3 9.28 254 

4 9.28 319 

5 9.28 384 

6 9.28 448 

7 9.28 512 

8 9.28 577 

9 9.28 641 

10 9.28 705 

11 9.28 769 

12 9.28 833 

13 9.28 896 

14 9.28 960 

15 9.29 024 

16 9.29 087 

17 9.29 150 

18 9.29 214 

19 9.29 277 

20 9.29 340 

21 9.29 403 

22 9.29 466 

23 9.29 529 

24 9.29 591 

25 9.29 654 

26 9.29 716 

27 9.29 779 

28 9.29 841 

29 9.29 903 

30 9.29 966 

31 9.30 028 

32 9.30 090 

33 9.30151 

34 9.30 213 

35 9.30 275 

36 9.30 336 

37 9.30 398 

38 9.30 459 

39 9.30 521 

40 9.30 582 

41 9.30 643 

42 9.30 704 

43 9.30 765 

44 9.30 826 

45 9.30 887 

46 9.30947 

47 9.31008 

48 9.31068 

49 9.31129 

50 9.31189 

51 9.31250 

52 9.31310 

53 9.31370 

54 9.31430 

55 9.31490 

56 9.31549 

57 9.31609 

58 9.31669 

59 9.31728 

60 9.31 788 
I L Cos 


d LTan cdj 

9.28 865 ' 

9.28 933 2® ! 
2? 9.29 000 2 1 ' 

2* 9.29067 2; ^ 

9.29134 2 1 3 
® 9.29 201 ] 

Si 9.29 268 ?' I 
Si 9.29335 H 1 
S? 9.29402 f : 
“ 9.29 468 S® ] 
* 9329 535 J ] 
St 9.29 601 ®® : 
Si 9.29 668 «! : 
S? 9.29 734 SS : 
Si 9.29 800 SS : 
“ 9.29 866 “ ! 
S? 9.29 932 SS : 
S? 9.29 998 SS 1 
Si 9.30 004 SS 1 
S? 9.30 130 SS J 
J. 9.30195 SS 1 
S“ 9.30 201 S? : 
SS 9.30320 S? ! 
SS 9.30 391 S;.’ 1 
SS 9.30 457 S? : 

9.30522 l : 
S? 9.30 587 Si : 
SS 9.30652 S? 

S? 9.30717 Si 
s? 9.30782 S? 

® 3 9.30846 
S 5 ? 9.30911 Si 
Sf 9.30 975 Si 
Si 9-31040 St 

02 9 ‘ 31104 M 
ZZ 9.31168 rr 

9.31 233 

2? 9.31297 2J 
21 9.31361 
2? 9.31425 
“ 9.31489 ^ 

2J 9.31552 
2} 9.31616 
2J 9.31679 2? 

« 9.31743 « 

Zl 9.31800 Z. 

2? 9.31870 ^ 

21 9.31933 2? 

2? 9.31996 2? 

21 9.32 059 2a 
„ 9.32122 
61 9.32 185 5 i 
SS 9.32 248 Si 
SS 9.32 311 Si 
SS 9.32 373 Si 
“ 9.32 436 ® 

SS 9.32 498 S| 
SS 9.3^561 Si 
?S 9.32 623 Si 

00 9 - 32686 ll 

9.32 747 

d L Ctn c d 


10.71135 
10.71067 
10.71000 
10.70933 
10.70866 
10.70799 
10.70732 
10.70665 
10.70598 
10.70532 
10.70465 
10.70399 
10.70332 
10.70266 
10.70200 
10.70134 
10.70068 
10.70002 
10.69936 
10.69870 
10.G9805 
10.09 739 
10.69 674 
10.69609 
10.69 543 
10.69478 
10.69 413 
10.69 348 
10.69 283 
10.69 218 
10.69 154 
10.69089 
10.69 025 
10.68 9G0 
10.68 896 
10.68 832 
10.68 767 
10.68703 
10.68639 
10.68575 
10.68511 
10.68 148 
10.68384 
10.68321 
10.68257 
10.68194 
10.68 130 
10.68067 
10.68004 
10.67941 
10.67 878 
10.67 815 
10.67752 
10.67 689 
10.67627 
10.67564 
10.67502 
10.67439 
10.67377 
10.67315 
10.67253 
LTan 


L Cos d 

9.99195 „ 
9.99192 1 
9.99190 i 
9.99 1ST J 
9.99185 “ 
9.99182 _ 
9.99 ISO “ 
9.99177 ® 
9.99175 : 
9.99172 I 
9.99170 Z 
9.99107 ? 
9.99165 r 
9.99162 I 
9.99160 ~ 
9.99157 * 
9.99155 i 
9.99152 t 
9.99150 % 
9.99147 % 
9.99145 Z 
9.99142 J 
9.99140 t 
9.99137 ? 
9.99135 ~ 
9.99132 _ 
9.99130 T, 
9.99127 i 
9.99124 J 
9.99122 2 
9.99119 0 
9.99117 l 
9.99114 i 
9.99112 I 
9.99109 
9.99 106 * 
9.99104 2 
9.99101 J 
9.99 099 i 
9.99 096 l 
9.99 093 Z 
9.99 091 2 
9.99 0S8 ® 
9.99 OSG 2 
9.99 083 l 
9.99 080 „ 


3 

60 

59 

2 

58 

3 

57 


56 


55 

- 

54 

3 

53 

3 

2 

52 

51 

50 

3 

49 

- 

48 

3 

47 


46 

3 

45 

2 

44 

3 

43 

2 

42 

3 

41 

2 

40 

3 

39 

2 

38 

3 

37 


36 


35 

2 

34 

3 

33 

3 

32 

2 

3 

31 

30 

2 

29 

3 

28 

2 

27 

3 

26 

3 

25 

2 

24 

3 

23 

2 

22 

3 

21 

3 

20 

2 

19 

3 

18 

2 

17 

3 

3 

16 

15 

2 

14 

3 

13 

3 

12 

2 

11 

3 

10 

3 

9 

2 

8 

' 3 

7 

( 3 

6 

2 

5 

3 

4 

; 3 

3 

’ 2 

2 

3 

1 

. 3 

JO 

Id 

V 


Prop. Pts. 


68 

67 

66 

13.6 

13.4 

13.2 

20.4 

20.1 

19.8 

27.2 

26.8 

26.4 

34.0 

33.5 

33.0 

40.8 

40.2 

39.6 

47.6 

46.9 

46.2 

54.4 

53.6 

52.8 

61.2 

60.3 

59.4 

66 | 64 I 

13.C1EEEI 

bU 

19.5 

19.2 

18.9 

26.0 

25.6 

25.2 

32.5 

32.0 

31.5 

39.0 

38.4 

37.8 

4. >.5 

44.8 

44.1 

52.0 

51.2 

50.4 

58.5 

57.6 

56.7 

62 

61 

60 

12.4 

12.2 

12.0 

18.6 

18.3 

18.0 

24.8 

24.4 

24.0 

31.0 

30.5 

30.0 

37.2 

36.6 

36.0 

43.4 

42.7 

42.0 

49.6 

48.8 

48.0 

55.8 

54.9 

54.0 


59 

3 

11.8 

0.6 

17.7 

0.9 

23.6 

1.2 

29.5 

1.5 

35.4 

1.8 

41.3 

2.1 

47.2 

2.4 

53.1 

2.7 


Front the top; 

Forll 0+ orl91°+ 
read as printed; for 
101 o+ or281° + , read 
co-function. 

From the bottom! 

For 78° + or268°+, 
read as printed; for 
lessor348°+ read 
co-function. 


Prop. Pts. 


78° — Logarithms of Trigonometric Functions 


58 12° — Logarithms of Trigonometric Functions [in 


Prop, Pts. 


0 9.31788 

1 9.31847 

2 9.31907 

3 9.31 9 GG 

4 9.32 025 

5 9.32 084 
0 9.32 143 

7 9.32 202 

8 9.32 2 G 1 

9 9.32 319 
9.32 378 

11 9.32 437 

12 9.32 495 

13 9.32 553 

14 9.32 012 

15 9.32 070 
10 9.32 728 
17 9.32 7 S 0 

9.32 814 
9.32 902 

9.32 900 

9.33 018 
9.33 075 
9.33 133 
9.33 190 
9.33 248 
9.33 305 
9.33 302 
9.33 420 
9.33 477 
9.33 534 
9.33 591 
9.33 G 47 
9.33 701 
9.33 7 G 1 
9.33 818 
9.33 S 74 
9.33 931 

9.33 987 

9.34 043 
9.34 100 
9.34 150 
9.34 212 
9.34 208 
9.34 324 
9.34 380 
9.34 436 
9.34 491 
9.34 547 
9.34 002 
9.34 658 
9.34 713 
9.34 709 
9.34 824 
9.34 879 
9.34 934 

9.34 989 

9.35 044 
9.35 099 
9.35 154 
9.35 209 

| L Cos 


119 

120 

1 21 

I 22 

23 
I 24 
125 

20 
27 
I 28 
| 29 

Iso 

131 

32 

33 
| 34 

35 

1 30 

37 

38 
I 39 

140 

141 

42 

43 
144 

45 

146 

147 

48 

49 

50 

151 

152 

153 

154 

55 

156 
57 

158 

159 

160 


9.32 747 

9.32 810 
99 9.32 872 
5 9 9.32 933 
? 9 9.32 995 
Pn 9.33 057 
e 9 9.33 119 

9.33 180 
? 9 9.33 242 
^ 9.33 303 
° rc% 9.33 365 

9.33 420 
■;? 9.33 487 
^ 9.33 548 
?j! 9.33 009 

9.33 070 
?? 9.33 731 
^ 9.33 792 
4,8 9.33 853 
9.33 913 

9.33 974 

9.34 034 

r « 9.34 095 
• r ’ 8 9.34 155 
f 9.34 215 
® 9.34 270 

57 9.34 330 

9.34 396 
9.34 450 
9.34 516 
9.34 576 
9.31635 
9.34 695 

9.34 755 
* 9.34 814 

'. 0.34 874 
™ 9.34 933 
57 I 9.34 992 

9.35 051 
9.35 111 
9.35 170 
9.35 229 
9.35 288 
9.35 347 
9.35 405 
9.35 404 
9.35 523 
9.35 581 
9.35 040 

9.35 098 

' 9.35 757 

?? 9.35 815 
J? 9.35 873 
J? 9.35 931 
™ 9.35 989 

9.36 047 
"5 9.36 105 
~ 9.36163 
5? 9.36 221 
50 9.36 279 

_ 9.36 336 

d I LCtn 


„ 10.07 253 
10.67190 
Sf 10.67128 
9 i 10.07 067 
10.07 005 
10.06 943 
?? 10.66 881 
9, 1 , 10.GO 820 
10.06 758 
10.00 697 
~ 10.06 635 
10.60 574 
9} 10.60 513 
5J 10.60 452 
9 J 10.00 391 
„ 10.66 330 

9} 10.06209 

9} 10.60 208 

9 * 10.00147 

99 10.00087 
* 10.60 026 
9? 10.65 906 

9* 10.65 905 

99 10.65 845 
99 10.05 785 
' 10.65 724 
99 10.05 604 
99 10.65 604 
99 10.65 544 

99 10.65 484 
Pn 10.05 424 
f n 10.05 365 
99 10.65 305 
V 9 10.05 245 

GO 10 - e51bG 
10.65126 
V 9 10.65 067 
10.05 008 
10.04 9*49 
10.04 889 
10.64 830 
10.04 771 
10.04 712 
10.04 653 
10.04 595 
* 10.61536 

™ 10.6 4 477 
98 10.64419 
?? 10.04 300 
£ 8 10.04 302 
, c 10.04 243 
98 10.04185 
10.64127 
S 10.04009 
*1 10.64 011 
* 10.03 953 
2 10.03 895 
2 10.63 837 
2 10.63 779 
88 10.63 721 
10.63 664 
c d L Tan 


9.99 040 
9.99 038 
9.99 035 
9.99 032 
9.99 030 
9.99 027 
9.99 024 
9.99 022 
9.99 019 
9.99 010 
9.99 013 
9.99 011 
9.99 008 
9.99 005 
9.99 002 
9.99 000 
9.98 997 
9.98 994 
9.98 991 
9.98 989 
9.98 980 
9.98 983 
9.98 980 
9.98 978 
9.98 975 
9.98 972 
9.98 909 
9.98 967 
9.98 904 
9.98 901 
9.98958 
9.98 955 
9.98 953 
9.98 950 
9.98 947 
9.98 944 
9.98 941 
9.98 938 
9.98 930 
9.98 933 
9.98 930 
9.98 927 
9.98 924 
9.98 921 
9.98919 
9.98910 
9.98 913 
9.98910 
9.98 907 
9.98 904 
9.98 901 
9.98 898 
9.98 896 
9.98 893 
9.98890 
9.98 887 
9.98884 
9.98881 
9.98 878 
9.98875 
9.98872 
I LSin 


63 

62 

61 

12.6 

12.4 

12 2 

18.9 

18.0 

IbiS 

25.2 

24.8 

24.4 

31.5 

31.0 

30.5 

37.8 

37.2 

36.6 

44.1 

43.4 

42.7 

50.4 

49.0 

48.S 

56.7 

55.8 

54.9 

60 

59 

58 

12.0 

11.8 

11.6 

1 S.0 

17.7 

17.4 

24.0 

23.6 

23.2 

30.0 

29.5 

29.0 

36.0 

35.4 

34.8 

42.0 

41.3 

40.0 

48.0 

47.2 

40.4 

54.0 

53.1 

52.2 


57 

56 

11.4 

11.2 

17.1 

10.8 

22.8 

22.4 

2S.5 

28.0 

34.2 

33.6 

39.9 

39.2 

45.6 

44.8 

51.3 

50.4 


55 

3 

2 

11.0 

0.6 

0.4 

16.5 

0.9 

0.6 

22.0 

1.2 

0.8 

27.5 

1.5 

1.0 

33.0 

1.8 

1.2 

38.5 

2.1 

1.4 

44.0 

2.4 

1.6 

49.5 

2.7 

1.8 


From the top: 

For 12 0+ or 192° + , 
read as printed; for 
102 °+ or 282°+ read 
co-function. 

From the "bottom: 

For 77° + or 257° + , 
read as printed; for 
167° + or 347° + , read 
co-function. 


IdPl Prop. Pts. 


77° — Logarithms of Trigonometric Functions 





















13° — Logarithms of Trigonometric Functions 

in I d I L Tan I c d i L Ctn I L Cos I d I I 


9.35 209 Kjl 
9.35 263 ?! 
9.35 318 ee 
9.35 373 fj 
9.35 427 ft 
9.35 481 “ 
9.35 536 5® 

9.35 590 ft 

8 9.35 644 ft 

9 9.35 698 ft 

10 9.35 752 r: 

11 9.35 806 ft 

12 9.35 860 ft 

13 9.35 914 ft 

14 9.35 968 j* 

15 9.36022 f! i 

16 9.36 075 f? 

17 9.36129 ft 

18 9.36 182 

19 9.36 236 ft 

9.36 289 „ 

21 9.36 342 ?? 

22 9.36 395 f? 

23 9.36449 ft 

24 9.36 502 ff 

25 9.36 555 „ 

26 9.36 608 f? 

27 9.36 660 fj 

28 9.36 713 

29 9.36 766 ft 
9.3G819 *,> 

31 9.36 871 f * 

32 9.36 924 f? 

33 9.36 976 ?? 

34 9.37 028 ff 

35 9.37 081 „ 

36 9.37133 “ 

37 9.37185 f® 

38 9.37 237 ff 

39 9.37 289 jg 

40 9.37341 RO 

41 9.37 393 f? 

42 9.37 445 f? 

43 9.37497 f? 

44 9.37 549 ff 

45 9.37 600 

46 9.37 652 f? 

47 9.37 703 f* 

48 9.37755 ft 

49 9.37 806 “ 

50 9.37 858 

51 9.37909 fj 

52 9.37 960 fj 

53 9.38 011 f* 

54 9.38 062 " 

55 9.38113 „ 

56 9.38164 fj 

57 9.38 215 fj 

58 9.38206 ft 

59 9.38 317 l\ 

60 9.38 368 


9.36 336 
9.36 394 
9.36 452 
9.36 509 
9.36 566 
9.36 624 
9.36 681 
9.36 738 
9.36 795 
9.36852 
9.36 909 

9.36 966 

9.37 023 
9.37 080 
9.37 137 
9.37 193 
9.37250 
9.37 306 
9.37 303 
9.37419 
9.37 476 
9.37 532 
9.37 588 
9.37 644 
9.37 700 
9.37 756 
9.37812 
9.37 868 
9.37 924 

9.37 980 

9.38 035 
9.38 091 
9.38 147 
9.38 202 
9.38 257 
9.38 313 
9.38 3G8 
9.38423 
9.38 479 
9.38 534 
9.38 589 
9.38 644 
9.38 699 
9.38 754 
9.38 808 
9.38 863 
9.38 918 

9.38 972 

9.39 027 
9.39 082 
9.39 136 
9.39 190 
9.39 245 
9.39 299 
9.39 353 
9.39 407 
9.39 461 
9.39 515 
9.39 569 
9.39 623 
9.39 677 


rQ 10.63 664 
?f 10.63 606 
?? 10.03 548 
f 7 10.63491 
f 7 10.03434 
% 10.63370 
10.63 319 
% 10.03 262 
f; 10.63 205 
f 10.03148 
„ 10.G3 091 
57 10.63 034 
r _ 10.62 977 
% 10.62920 
f 10.62803 
„ 10.62 807 
f 7 10.02 750 
®S 10.62 694 
? 7 10.62 G37 
jg 10.62581 
10.62 5241 
?? 10.624081 
10.G2 412 
?? 10.62 356 
ff 10.62 300 
f n 10.62 244 
?? 10.62188 
ff 10.62132 
?f 10.62 076 
?? 10.62 020 
* 10.61965 
ff 10.61909 
ff 10.61853 
f? 10.61798 
fj 10.61743 
„ 10.61687 
ff 10.61632 
ff 10.61577 
f? 10.61521 
f i 10.61466 
“ 10.61411 
ff 10.61356 
f? 10.61301 
?f 10.61246 
ft 10.61192 
« 10.61137 

ff 10.61082 
ft 10.61028 

ft 10.60973 
J? 10.60918 
f; 10.60 804 

ft 10.00810 

ff 10.60755 
ft 10.00701 
ft 10.60647 
f! 10.60593 
ft 10.60539 
ft 10.60485 
ft 10.60431 
ft 10.60377 
10.60323 
cd LTan 


9.98872 
9.98869 
9.98 867 
9.98864 
9.98 801 
9.98858 
9.98 855 
9.98 852 
9.98 849 
9.98846 
9.98 843 
9.98 840 
9.98 837 
9.98 834 
9.98831 
9.98828 
9.08825 
9.98822 
9.98 819 
9.98 8] 0 
9.98813 
9.98810 
9.98 807 
9.9S804 
9.98801 
9.98798 
9.98795 
9.98792 
9.98789 
9.98786 
9.98783 
9.98780 
9.98777 
9.98774 
9.98771 

9.98708 
9.98 7G5 
9.98762 
9.98759 
9.98756 
9.98753 
9.98750 
9.98746 
9.98743 
9.98740 
9.98737 
9.98734 
9.98731 
9.98728 
9.98725 
9.98722 
9.98719 
9.98715 
9.98712 

9.98709 
9.98706 
9.98703 
9.98700 
9.98697 
9.98694 
9.98690 



0.4 

0.6 

1.2 0.8 
1.5 1.0 
2.4 1.8 1.2 

7 2.8 2.1 1.4 

8 3.2 2.4 1.6 

9 3.6 2.7 1.8 


From the top: 

For 13° + or 103 o+ t 
read as printed; for 
103 o+ or283 0+ # read 
co-function. 

From the bottom: 

For 76° + or256°+ 
read as printed; for 
166° + or346°+read 
co-function. 


I Prop. Pte. 


7 r® — iMirithoig of Trigonometric Functions 
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14° — Logarithms of Trigonometric Functions [in 


L Sin 


d I L Tan I cd I L Ctn I L Cos 


Prop, Pte, 


til 


9.38 368 
9.38418 
9.38 469 
9.38 519 
9.38 570 
9.38 620 
9.38 670 
9.38 721 
9.38 771 
9.38821 
9.38 871 
9.38 921 

9.38 971 

9.39 021 
9.39 071 
9.39 121 
9.39 170 
9.39 220 
9.39 270 
9.39 319 
9.39 369 
9.39 418 
9.39 467 
9.39 617 
9.39 566 
9.39 615 
9.39 664 
9.39 713 
9.39 762 

9.39 811 
Fi] 9.39 860 
R| 9.39 909 
E9 9.39 958 
Eg] 9.40 006 
PTl 9.40055 

9.40103 

9.40 152 
9.40200 
9.40 249 
9.40 297 
9.40 346 
9.40 394 
9.40442 
9.40490 
9.40 538 
9.40586 
9.40 634 
9.40 682 
9.40 730 
9.40 778 
9.40 825 
9.40 873 
9.40 921 

9.40 968 

9.41 016 
9.41063 
9.41 111 
9.41 158 
9.41 205 
9.41 252 
9.41 300 


9.39 677 
9.39 731 
9.39 785 
9.39 838 
9.39 892 
9.39 945 

9.39 999 
9.40052 

9.40 106 
9.40 159 
9.40 212 
9.40 266 
9.40 319 
9.40 372 
9.40425 
9.40478 
9.40531 
9.40 584 
9.40 636 
9.40689 
9.40 742 
9.40 795 
9.40 847 

9.40 900 
9.40952 

9.41 005 
9.41057 
9.41 109 
9.41 1G1 
9.41 214 
9.41 266 
9.41 318 
9.41 370 
9.41 422 
9.41474 
9.41 526 
9.41578 
9.41 629 
9.41 681 
9.41733 
9.41784 
9.41 836 
9.41 887 
9.41 939 

9.41 990 

9.42 041 
9.42 093 
9.42 144 
9.42 195 
9.42 246 
9.42 297 
9.42 348 
9.42 399 
9.42 450 
9.42 501 
9.42 552 
9.42 603 
9.42 653 
9.42704 
9.42 755 
9.42 805 


10.60323 
10.60269 
10.60215 
10.60162 
10.60108 
10.60055 
10.60001 
10.59948 
10.59894 
10.59841 
10.59788 
10.59734 
10.59681 
10.59628 
10.59575 
10.59522 
10.59469 
10.59416 
10.59364 
10.59 311 
10.59258 
10.59205 
10.59153 
10.59100 
10.59048 
10.58995 
10.58943 
10.58891 
10.58839 
10.58786 
10.58734 
10.58682 
10.58630 
10.58578 
10.58526 
10.58474 
10.58422 
10.58371 
10.58319 
10.58267 
10.58216 
10.581G4 
10.58113 
10.58061 
10.58010 
10.57959 
10.57907 
10.57856 
10.57805 
10.57 754 
10.57703 
10.57652 
10.57601 
10.57550 
10.57499 
10.57448 
10.57397 
10.57347 
10.57296 
10.57 245 
10.57195 


9.98690 
9.98687 
9.98 684 
9.98681 
9.98678 
9.98675 
9.98671 
9.98668 
9.98665 
9.98 662 
9.98659 
9.98656 
9.98652 
9.98 649 
9.98640 
9.98643 
9.98640 
9.98630 
9.98 633 
9.98630 
9.98627 
9.98623 
9.98620 
9.98 617 
9.98614 
9.98610 
9.98607 
9.98604 
9.98601 
9.98597 
9.98594 
9.98591 
9.98588 
9.98584 
9.98581 
9.98578 
9.98574 
9.98571 
9.98568 
9.98565 
9.98561 
9.98558 
9.98555 
9.98551 
9.98548 
9.98545 
9.98541 
9.98538 
9.98535 
9.98531 
9.98528 
9.98525 
9.98521 
9.98518 
9.98515 
9.98511 
9.98508 
9.98505 
9.98501 
9.98498 
9.98494 



54 

53 

82 

2 

10.8 

10.6 

10.4 

3 

16.2 

15.9 

15.6 

4 

21.6 

21.2 

20.8 

5 

27.0 

26.5 

26.0 

6 

32.4 

31.8 

31.2 

7 

37.8 

37.1 

36.4 

8 

43.2 

42.4 

41.6 

9 

48.6 

47.7 

46.8 


51 

50 

49 

2 

10.2 

10.0 

9.8 

3 

15.3 

15.0 

14.7 

4 

20.4 

20.0 

19.6 

5 

25.5 

25.0 

24.5 

6 

30.6 

30.0 

29.4 

7 

35.7 

35.0 

34.3 

8 

40.8 

40.0 

39.2 

9 

45.9 

45.0 

44.1 


48 

9.6 

14.4 

19.2 
24.0 
28.8 
33.6 

38.4 

43.2 

4 

0.8 

1.2 

1.6 
2.0 
2.4 
2.8 
3.2 
3.6 


47 

9.4 

14.1 
18.8 

23.5 

28.2 
32.9 

37.6 
42.3 

3 

0.6 

0.9 

1.2 

1.5 

1.8 

2.1 

2.4 

2.7 


From the top: 

For 14°+or 194°+, 
read as printed; for 
104°+or284°+read 
co-function. 

From the bottom: 

For75° + or255 <H \ 
read as printed; for 
165° + or345°+, read 
co-function. 


I L Cos 


d I LCtn led! LTan I LSin 


Prop.Pts. 


75°—Logarithms of Trigonometric Functions 


Ill] 15° — Logarithms of Trigonometric Junctions 

* LSin I d 


Ol 


0 

1 

2 

3 

4 

5 
G 
7 


9.41 300 
9.41 347 
9.41 394 
9.41441 
9.41 488 
9.41 535 
9.41 582 
9.41 628 

8 9.41675 

9 9.41722 

10 9.41768 

11 9.41815 

12 9.41861 

13 9.41908 

14 9.41954 

15 9.42 001 

16 9.42 047 

17 9.42 093 

18 9.42140 

19 9.42 180 
2D 9.42 232 

21 9.42 278 

22 9.42 324 

23 9.42 370 

24 9.42 416 

25 9.42 461 

26 9.42 507 

27 9.42 553 

28 9.42 599 

29 9.42 644 

30 9.42 690 

31 9.42 735 

32 9.42 781 

33 9.42 826 

34 9.42 872 
36 9.42 917 

36 9.42 962 

37 9.43 008 

38 9.43 053 

39 9.43 098 

40 9.43143 

41 9.43 188 

42 9.43 233 

43 9.43 278 

44 9.43 323 

45 9.43 367 

46 9.43 412 

47 9.43 457 

48 9.43 502 

49 9.43 546 

50 9.43 591 

51 9.43 635 

52 9.43 680 

53 9.43 724 

54 9.43 769 

55 9.43 813 

56 9.43 857 

57 9.43 901 

58 9.43 946 
9.43 990 

00 9.44 034 
I L Cos 


LTan led I L Ctn 1 L Cos Id 


9.42 805 
9.42 856 
9.42 906 

9.42 957 

9.43 007 
9.43 057 
9.43 108 
9.43 158 
9.43 208 
9.43 258 
9.43 30S 
9.43 358 
9.43 408 
9.43 458 
9.43 508 
9.43 558 
9.43 607 
9.43 657 
9.43 707 
9.43 756 
9.43 806 
9.43 855 
9.43 905 

9.43 954 

9.44 004 
9.44 053 
9.44 102 
9.44 151 
9.44 201 
9.44 250 
9.44 299 
9.44 348 
9.44 397 
9.44 446 
9.44 495 
9.44 544 
9.44 592 
9.44 641 
9.44 690 
9.44 738 
9.44 787 
9.44 836 
9.44 884 
9.44 933 

9.44 981 

9.45 029 
9.45 078 
9.45 120 
9.45 174 
9.45 222 
9.45 271 
9.45 319 
9.45 367 
9.45 415 
9.45 463 
9.45 511 
9.45 559 
9.45 600 
9.45 654 
9.45 702 
9.45 750 


LCtn led 


10.57 195 
10.57 144 
10.57094 
10.57043 
10.56993 
10.56 943 
10.56892 
10.56 842 
10.56792 
10.56742 
10.56 692 
10.56642 
10.56592 
10.56542 
10.56492 
10.56442 
10.56393 
10.56343 
10.56293 
10.56 244 
10.56 194 
10.56145 
10.56095 
10.56040 
10.55996 
10.55 947 
10.55 898 
10.55 849 
10.55799 
10.55750 
10.55 701 
10.55652 
10.55 603 
10.55 554 
10.55505 
10.55450 
10.55408 
10.55 359 
10.55310! 
10.55262 
10.55 213' 
10.55 1G41 
10.55 116 
10.55 067 
10.55019 
10.54 971 
10.54 922 
10.54 874 
10.54 826 
10.54 778 
10.54 729 
10.54 681 
10.54 633 
10.51585 
10.54537 
10.54489 
10.54441 
10.54 394 
10.54 346 
10.54 298 
10.54 250 
LTan | 


9.98494 

9.98491 

9.98488 

9.98484 

9.98481 

9.98477 

9.98474 

9.98471 

9.98 4G7 

9.98 4G4 

9.98460 

9.98457 

9.98453 

9.98450 

9.98 447 

9.98443 

9.98440 

9.98436 

9.98433 

9.98429 

9.98426 

9.98422 

9.98419 

9.98415 

9.98412 

9.98409 

9.98405 

9.98402 

9.98398 

9.98395 

9.98391 

9.98 3SS 

9.98384 

9.98 381 

9.98 377 

9.98373 

9.98370 

9.98366 

9.98303 

9.98359 

9.98356 

9.98352 

9.98349 

9.98345 

9.98342 

9.98338 

9.98334 

9.98331 

9.98 327 

9.98324 

9.98320 

9.98317 

9.98313 

9.98309 

9.98306 

9.98302 

9.98 299 

9.98 295 

9.98 291 

9.98 288 

9.98 2841 


LSin |d 


I Pro p. Pts. 



51 

50 

49 

2 

10.2 

10.0 

9.8 

3 

15.3 

15.0 

14.7 

4 

20.4 

20.0 

19.6 

5 

25.5 

25.0 

24.5 

6 

30.6 

30.0 

29.4 

7 

35.7 

35.0 

34.3 

8 

40.8 

40.0 

39.2 

9 

45.9 

45.0 

44.1 


48 

47 

46 

2 

9.6 

9.4 

9.2 

3 

14.4 

14.1 

13.8 

4 

19.2 

18.8 

18.4 

5 

24.0 

23.5 

23.0 

6 

28.8 

28.2 

27.6 

7 

?3.6 

32.9 

32.2 

8 

38.4 

37.6 

36.8 

9 

! 43.2 

42.3 

41.4 


59 
58 
57 
56 
65 
54 
53 
52 
51 

60 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 

16 „ 

15 From the top: 

14 For 15°+or 195°+ 

read as printed; for 
1 1 105 o+ or285 0+ , read 
IQ co-function. 

9 
8 
7 
6 
6 
4 
3 
2 
1 
0 



45 

44 

2 

9.0 

8.8 

3 

13.5 

13.2 

4 

18.0 

17.6 

5 

22.5 

22.0 

6 

27.0 

26.4 

7 

31.5 

30.8 

8 

36.0 

35.2 

9 

40.5 

39.6 


4 

3 

2 

0.8 

0.6 

3 

1.2 

0.9 

4 

1.6 

1.2 

5 

2.0 

1.5 

6 

2.4 

1.8 

7 

2.8 

2.1 

8 

3.2 

2.4 

9 

3.6 

2.7 


From the bottom: 
For 74° + or264°+, 
read as printed; for 
164° + or344° + , read 
co-function. 


' Prop. Pts. 

74° — Logarithms of Trigonometric Functions 




16 w — Logarithms ot t rigonometric Functions 


LSin 


LTan fed 


L Ctn 


DU 


L Cos 


Prop, Pts. 


9.44 034 

9.44 0781 

9.44 122 

9.44 166 

9.44 210 

9.44 253 

9.44 297 

9.44 341 

9.44 385 

9.44 428 

9.44 472 

9.44 516 

9.44 559 

9.44 602 

9.44 646 

9.44 689 

9.44 733 

9.44 776 

9.44 819 

9.44 862 

9.44 905 

9.44 948 

9.44 992 

9.45 035 

9.45 077 

9.45 120 

9.45 163 

9.45 206 

9.45 249 

9.45 292 

9.45 334 

9.45 377 

9.45 419 

9.45 462 

9.45 504 

9.45 547 

9.45 589 

9.45 632 

9.45 674 

9.45 716 

9.45 758 

9.45 801 

9.45 843 

9.45 885 

9.45 927 

9.45 969 

9.46 011 

9.46 053 

9.46 095 

9.46 136 

9.46 178 

9.46 220 

9.46 262 

9.46 303 

9.46 345 

9.46 386 

9.46 428 

9.46 469 

9.46 511 

9.46 552 

9.46 594 


9.45 750 

9.45 797 

9.45 845 

9.45 892 

9.45 940 

9.45 987 

9.46 035 

9.46 082 

9.46 130 

9.46 177 

9.46 224 

9.46 271 

9.46 319 

9.46 366 

9.46 413 

9.46 460 

9.46 507 

9.46 554 

9.46 601 

9.46 648 

9.46 694 

9.46 741 

9.46 788 

9.46 835 

9.46 881 

9.46 928 

9.46 975 

9.47 021 

9.47 068 

9.47 114 

9.47 160 

9.47 207 

9.47 253 

9.47 299 

9.47 346 

9.47 392 

9.47 438 

9.47 484 

9.47 530 

9.47 576 

9.47 622 

9.47 668 

9.47 714 

9.47 760 

9.47 806 

9.47 852 

9.47 897 

9.47 943 

9.47 989 

9.48 035 

9.48 080 

9.48 126 

9.48 171 

9.48 217 

9.48 262 

9.48 307 

9.48 353 

9.48 398 

9.48 443 

9.48 489 

9.48 534 


10.54 250 
10.54 203 
10.54155 
10.54108 
10.54060 
10.54013 

10.53 965 

10.53 918 

10.53 870 

10.53 823 

10.53 776 

10.53 729 

10.53 681 

10.53 634 

10.53 587 

10.53 540 

10.53 493 

10.53 446 

10.53 399 

10.53 352 

10.53 306 

10.53 259 

10.53 212 

10.53 165 
10.53119 

10.53 072 

10.53 025 

10.52 979 

10.52 932 

10.52 886 

10.52 840 

10.52 793 

10.52 747 

10.52 701 

10.52 654 

10.52 608 

10.52 502 

10.52 516 
10.52470 

10.52 424 

10.52 378 

10.52 332 

10.52 286 

10.52 240 

10.52 194 

10.52 148 

10.52 103 

10.52 057 

10.52 011 
10.51965 

10.51 920 

10.51 874 

10.51 829 
10.51783 
10.51738 

10.51 693 

10.51 647 

10.51 602 
10.51557 
10.51511 

10.51 466 


9.98 284 j 
9.98281 
9.98277 

9.98 273 

9.98 270 
9.98266 

9.98 262 

9.98 259 

9.98 255 

9.98 251 

9.98 248 

9.98 244 

9.98 240 

9.98 237 

9.98 233 

9.98 229 

9.98 226 

9.98 222 

9.98 218 

9.98 215 

9.98 211 

9.98 207 

9.98 204 

9.98 200 

9.98 196 

9.98 192 

9.98 189 

9.98 185 
9.98181 

9.98 177 

9.98 174 

9.98 170 

9.98 166 
9.98162 

9.98 159 

9.98 155 

9.98 151 

9.98 147 

9.98 144 

9.98 140 

9.98 136 

9.98 132 

9.98 1‘29 

9.98 125 
9.98121 
9.98117 
9.98113 
9.98110 
9.98106 
9.98102 

9.98 098 
9.98094 

9.98 090 
9.98087 
9.98083 

9.98 079 

9.98 075 
9.98071 
9.98067 
9.98063 

9.98 060 



48 

47 

46 

2 

9.6 

9.4 

9.2 

3 

14.4 

14.1 

13.8 

4 

19.2 

18.8 

18.4 

5 

24.0 

23.5 

23.0 

6 

28.8 

28.2 

27.6 

7 

33.6 

32.9 

32.2 

8 

38.4 

37.6 

36.8 

9 

43.2 

42.3 

41.4 


45 

44 

43 

2 

9.0 

8.8 

8.6 

3 

13.5 

13.2 

12.9 

4 

18.0 

17.6 

17.2 

5 

22.5 

22.0 

21.5 

6 

27.0 

26.4 

25.8 

7 

31.5 

30.8 

30.1 

8 

36.0 

35.2 

34.4 

9 

40.5 

39.6 

38.7 


42 

41 

8.4 

8.2 

12.6 

12.3 

16.8 

16.4 

21.0 

20.5 

25.2 

24.6 

29.4 

28.7 

33.6 

32.8 

37.8 

36.9 

4 

3 

0.8 

0.6 

1.2 

0.9 

1.6 

1.2 

2.0 

1.5 

2.4 

1.8 

2.8 

2.1 

3.2 

2.4 

3.6 

2.7 


From the top: 

For 16 0+ or 196°+, 
road as printed; for 
106 o+ or286° + , read 
co-function. 

From the bottom: 

For 73 0+ or 253 0+ , 
read as printed; for 
163°+ or343°+, read 
co-function. 


L Cos I d I L Ctn led! LTan LSin |d 


Prop. Pts. 


73° — Logarithms of Trigonometric Functions 



Ill] 17° — Logarithms of Trigonometric Functions 

n LSin I d 


63 


9.46 594 
9.46 635 
9.46 676 
9.46 717 
9.46 758 

9.46 800 
Oil 9.46 841 
B 9.46 882 
M 9.46 923 
*1 9.46 964 

9.47 005 
9.47 045 
9.47 086 
9.47 127 
9.47 168 
9.47 209 
9.47 249 
9.47 290 
9.47 330 
9.47 371 

EJ 9.47 411 
9.47 452 
9.47 492 
9.47 533 
9.47 573 
9.47 613 
9.47 C54 
9.47 694 
9.47 734 
9.47 774 
ET»] 9.47 814 
9.47 854 
9.47 894 
9.47 934 

9.47 974 

9.48 014 
9.48 054 
9.48 094 
9.48 133 
9.48 173 

EJ 3-48 213 
9.48 252 
9.48 292 
9.48 332 
9.48 371 
9.48 411 
9.48 450 
9.48 490 
9.48 529 
9.48 568 
9.48 607 
9.48 647 
9.48 686 
9.48 725 
9.48 764 
9.48 803 
9.48 842 
9.48 881 
9.48 920 
9.48 959 
9.48 998 


LTan led! LCtn L Cos d 


9.48 534 

9.48 579 

9.48 624 

9.48 669 

9.48 714 

9.48 759 

9.48 804 

9.48 849 

9.48 894 

9.48 939 

9.48 984 

9.49 029 

9.49 073 

9.49 118 

9.49 163 

9.49 207 

9.49 252 

9.49 296 

9.49 341 

9.49 385 

9.49 430 

9.49 474 

9.49 519 

9.49 563 

9.49 60/ 

9.49 652 

9.49 696 

9.49 740 

9.49 784 

9.49 828 

9.49 872 

9.49 916 

9.49 900 

9.50 004 

9.50 048 

9.50 092 

9.50 136 

9.50 180 

9.50 223 

9.50 267 

9.50 311 

9.50 355 

9.50 398 

9.50 442 

9.50 485 

9.50 529 

9.50 572 

9.50 616 

9.50 659 

9.50 703 

9.50 746 

9.50 789 

9.50 833 

9.50 876 

9.50 919 

9.50 962 

9.51 005 

9.51 048 

9.51 092 

9.51 135 

9.51 178 


10.51466 

10.51 421 
10.51376 
10.51331 
10.51286 

10.51 241 
10.51196 
10.51151 
10.51106 

10.51 061 
10.51016 

10.50 971 
10.50927 

10.50 882 

10.50 837 
10.50793 

10.50 748 

10.50 704 

10.50 659 

10.50 615 

10.50 570 

10.50 526 
10.50481 
10.50437 

10.50 393 

10.50 348 
10.50304 

10.50 260 

10.50 216 

10.50 172 

10.50 128 

10.50 084 

10.50 040 

10.49 996 

10.49 952 

10.49 908 

10.49 864 

10.49 820 

10.49 777 

10.49 733 

10.49 689 

10.49 645 

10.49 602 

10.49 558 

10.49 515 

10.49 471 

10.49 428 

10.49 384 

10.49 341 

10.49 297 

10.49 254 

10.49 211 

10.49 167 

10.49 124 

10.49 081 

10.49 038 

10.48 995 
10.48952 

10.48 908 
10.48865 

10.48 822 


9.98060 
9.98056 

9.98 052 
9.98048 
9.98044 

9.98 040 
9.98036 

9.98 032 

9.98 029 

9.98 025 
9.98021 

9.98 017 

9.98 013 

9.98 009 

9.98 005 

9.98 001 

9.97 997 

9.97 993 

9.97 989 

9.97 986 

9.97 982 

9.97 978 

9.97 974 

9.97 970 

9.97 966 

9.97 962 

9.97 958 

9.97 954 

9.97 950 

9.97 946 

9.97 942 

9.97 938 

9.97 934 

9.97 930 

9.97 926 

9.97 922 

9.97 918 

9.97 914 

9.97 910 

9.97 906 

9.97 902 

9.97 898 

9.97 894 

9.97 890 

9.97 886 

9.97 882 

9.97 878 

9.97 874 

9.97 870 

9.97 860 

9.97 861 

9.97 857 

9.97 853 

9.97 849 

9.97 845 

9.97 841 

9.97 837 

9.97 833 

9.97 829 

9.97 825 

9.97 821 


60 

59 

58 

57 

56 

55 

54 

53 

52 

51 

50 

49 

48 

47 

46 

45 

44 

43 

42 

41 

40 

39 

38 

37 

36 

35 

34 

33 

32 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 


Prop. Pte. 



45 

44 

43 

2 

9.0 

8.8 

8.6 

3 

13.5 

13.2 

12.9 

4 

18.0 

17.6 

17.2 

5 

22.5 

22.0 

21.5 

6 

27.0 

26.4 

25.8 

7 

31.5 

30.8 

30.1 

8 

36.0 

35.2 

34.4 

9 

40.5 

39.6 

38.7 


42 

41 

40 

2 

8.4 

8.2 

8.0 

3 

12.6 

12.3 

12.0 

4 

16.8 

16.4 

16.0 

5 

21.0 

20.5 

20.6 

6 

25.2 

24.6 

24.0 

7 

29.4 

28.7 

28.0 

8 

33.6 

32.8 

32.0 

9 

3 < .8 

36.0 

36.0 



39 

5 

2 

7.8 

1.0 

3 

11.7 

1.5 

4 

15.6 

2.0 

5 

19.5 

2.5 

6 

23.4 

3 0 

7 

27.3 

3.5 

8 

31.2 

4.0 

9 

35.1 

4.5 


4 

3 

2 

0.8 

0.6 

3 

1.2 

0.9 

4 

1.6 

1.2 

5 

2.0 

1.5 

6 

2.4 

1.8 

7 

2 .S 

2.1 

8 

3.2 

2.4 

9 

3.6 

2.7 

From the top: 


For 17 0+ or 197° + , 
read as printed; for 
107°+ or 287°+ read 
co-function. 

From the bottom: | 
For 72° + or252° + , - 
read as printed; for - 
162° + or342° + , read 

co-fur ction. 


L Cos 

72 


LCtn 1 cdl LTan 


LSin 


Prop. Pte. 


— Logarithms of Trigonometric Functions 
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LSin 


18° — Logarithms of Trigonometric Functions Du 

d I LTan fed I 'LCtn I LCos Id ■ 


Prop. Pts. 


60 


9.48 998 

9.49 0371 
9.49 076 
9.49 115 
9.49 153 
9.49 192 
9.49 231 
9.49 269 
9.49 308 
9.49 347 
9.49 385 
9.49 424 
9.49 462 
9.49 500 
9.49 539 
9.49 677 
9.49 615 
9.49 654 
9.49 692 
9.49 730 
9.49 768 
9.49 806 
9.49 844 
9.49 882 
9.49 920 
9.49 958 

9.49 996 

9.50 034 
9.50 072 
9.50 110 
9.50 148 
9.50 185 
9.50 223 
9.50 261 
9.50 298 
9.50336 
9.50 374 
9.50 411 
9.50 449 
9.50486 
9.50523 
9.50 561 
9.50 598 
9.50 635 
9.50 673 
9.50710 
9.50 747 
9.50 784 
9.50 821 
9.50 858 
9.50 896 
9.50 933 

9.50 970 

9.51 007 
9.51 043 
9.51 080 
9.51117 
9.51154 
9.51191 
9.51 227 
9.51 264 


L Cos 


9.51 178 
9.51 221 
9.51 264 
9.51 306 
9.51 349 
9.51 392 
9.51435 
9.51 478 
9.51 520 
9.51 563 
9.51 606 
9.51 648 
9.51 691 
9.51 734 

9.51 776 

6.51 819 

9.51 861 
9.51 903 
9.51 946 

9.51 988 

9.52 031 
9.52 073 
9.52 115 
9.52 157 
9.52 200 
9.52 242 
9.52 284 
9.52 326 
9.52 368 
9.52 410 
9.52 452 
9.52 494 
9.52 536 
9.52 578 
9.52 620 
9.52 601 
9.52 703 
9.52 745 
9.52 787 
9.52 829 
9.52 870 
9.52 912 
9.52 953 

9.52 995 

9.53 037 
9.53 078 
9.53 120 
9.53 161 
9.53 202 
9.53 244 
9.53 285 
9.53 327 
9.53 368 
9.53 409 
9.53 450 
9.53 492 
9.53 533 
9.53 574 
9.53 615 
9,o3 656 
9.53 697 


10.48822 
10.48779 
10.48736 
10.48694 
10.48651 
10.48608 
10.48565 
10.48522 
10.48480 
10.48437 
10.48394 
10.48352 
10.48309 
10.48 2G6 
10.48 224 
10.48181 
10.48139 
10.48097 
10.48054 
10.48 012 
10.47969 
10.47927 
10.47885 
10.47 843 
10.47 800 
10.47758 
10.47 716 
10.47674 
10.47632 
10.47 590 
10.47548 
10.47 506 
10.47 464 
10.47422 
10.47 380 
10.47339 
10.47 297 
10.47 255 
10.47 213 
10.47 171 
10.47 130 
10.47 088 
10.47 047 
10.47 005 
10.46 963 
10.46 922 
10.46 880 
10.46 839 
10.46798 
10.46756 
10.46 715 
10.46673 
10.46632 
10.46591 
10.46 550 
10.46508 
10.46467 
10.46426 
10.46385 
10.46344 
10.46303 


9.97821 
9.97817 
9.97812 
9.97 808 
9.97 804 
9.97800 
9.97796 
9.97792 
9.97788 
9.97784 
9.97779 
9.97775 
9.97771 
9.97767 
9.97763 
9.97759 
9.97754 
9.97750 
9.97746 
9.97742 
9.97738 
9.97734 
9.97729 
9.97725 
9.97721 
9.97717 
9.97713 
9.97708 
9.97704 
9.97700 
9.97696 
9.97 691 
9.97 687 
9.97683 
9.97 679 
9.97 674 
9.97 670 
9.97 6G6 
9.97662 
9.97 657 
9.97653 
9.97 649 
9.97 645 
9.97 640 
9.97636 
9.97632 
9.97 628 
9.97 623 
9.97619 
9.97615 
9.97610 
9.97 606 
9.97 602 
9.97597 
9.97593 
9.97589 
9.97584 
9.97580 
9.97576 
9.97571 
19.97567 


LCtn 


edi LTan LSin 


60 

59 
58 
57 
56 
65 
54 
53 
52 
51 

60 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 



43 

42 

41 

2 

8.6 

8.4 

8.2 

3 

12.9 

12.6 

12.3 

4 

17.2 

16.8 

16.4 

5 

21.5 

21.0 

20.5 

6 

25.8 

25.2 

24.6 

7 

30.1 

29.4 

28.7 

8 

34.4 

33.6 

32.8 

9 

38.7 

37.8 

36.9 


39 

38 

37 

2 

7.8 

7.6 

7.4 

3 

11.7 

11.4 

11.1 

4 

15.6 

15.2 

14.8 

5 

19.5 

19.0 

18.5 

6 

23.4 

22.8 

22.2 

7 

27.3 

26.6 

25.9 

8 

31.2 

30.4 

29.6 

9 

35.1 i 

34.2 

33.3 


1 36 

1 * 1 

1 * 


7.2 

10.8 

14.4 
18.0 
21.6 
25.2 
2S.8 

32.4 


0.8 

1.2 

1.6 

2.0 

2.4 

2.8 

3.2 

3.6 


From the top: 

For 18°+or 198°+ 
read as printed; for 
108°+or288°+read 
co-function. 

From the bottom. 

For 71° + or 251° + , 
read as printed; for 
161° + or 341° + , read 
co-function. 


Pro p. Pts. 


71* — Logarithms of Trigonometric Functions 


mi 19* 

H-LSin | d 

9.51264 
9.51 301 
9.51 338 
9.51 374 
9.51411 
9.51447 
9.51 484 
9.51 520 
9.51 557 
9.51 593 
9.51 629 
9.51 666 
9.51 702 
9.51 738 
9.51 774 
9.51 811 
9.51 847 
9.51 883 
9.51 919 

9.51 955 
EJ 9.51 991 

9.52 027 
9.52 063 
9.52 099 
9.52 135 
9.52 171 
9.52 207 
9.52 242 
9.52 278 
9.52 314 
9.52 350 
9.52 385 
9.52 421 
9.52 456 
9.52 492 
9.52 527 
9.52 663 
9.52 598 
9.52 634 
9.52 669 

Ej 9.52 705 
9.52 740 
9.52 775 
9.52 811 
9.52 846 
9.52 881 
9.52 916 
9.52 951 

9.52 986 

9.53 021 
9.53 056 
9.53 092 
9.53 126 
9.53 161 
9.53 196 
9.53 231 
9.53 266 
9.53 301 
9.53 336 
9.53 370 
9.53 405 


1 L Cos 


Logarithms of Trigonometric Functions 
7d 


65 


L Tan 


9.53 697 
9.53 738 
9.53 779 
9.53 820 
9.53 861 
9.53 902 
9.53 943 

9.53 984 

9.54 025 
9.54 065 
9.54 106 
9.54 147 
9.54 187 
9.54 228 
9.54 269 
9.54 309 
9.54 350 
9.54 390 
9.54 431 
9.54 471 
9.54 512 
9.54 552 
9.54 593 
9.54 633 
9.54 673 
9.54 714 
9.54 754 
9.54 794 
9.54 835 
9.54 875 
9.54 915 
9.54 955 

9.54 995 

9.55 035 
9.55 075 
9.55 115 
9.55 155 
9.55 195 
9.55 235 
9.55 275 
9.55 315 
9.55 355 
9.55 395 
9.55 434 
9.55474 
9.55 514 
9.55 554 
9.55 593 
9.55 633 
9.55 673 
9.55 712 
9.55 752 
9.55 791 
9.55 831 
9.55 870 
9.55 910 
9.55 949 

9.55 989 

9.56 028 
9.56 067 
9.56 107 


LCtn 


40 


cd 


L Ctn L Cos 

dj 


10.46 303 9.97567 


60 

10.46262 9.97503 

4 

59 

10.46 221 9.97558 

5 

58 

10.46180 9.97 554 

4 

57 

10.46139 9.97550 

4 

56 

10.46098 9.97545 


55 

10.46 057 9.97541 

4 

54 

10.46 016 9.97536 

5 

53 

10.45 975 9.97 532 

4 

52 

10.45 935 9.97528 

4 

51 

10.45 894 9.97523 


50 

10.45 853 9.97519 

4 

49 

10.45 813 9.97515 

t 

48 

10.45 772 9.97510 

5 

47 

10.45731 9.97 506 

4 

46 

10.45 691 9.97 501 


45 

10.45 650 9.97497 

4 

44 

10.45 610 9.97492 

6 

43 

10.45 569 9.97488 

4 

42 

10.45529 9.97484 

4 

41 

10.45 488 9.97479 


40 

10.45448 9.97475 

4 

39 

10.45407 9.97470 

5 

38 

10.45 367 9.97406 

4 

37 

10.45327 9.97 461 

5 

36 

10.45 2 S 6 9.97457 


35 

10.45 246 9.97453 

4 

34 

10.45206 9.97448 

5 

33 

10.45165 9.97444 

4 

32 

10.45125 9.97439 

5 

31 

10.45085 9.97435 


30 

10.45 045 9.97430 

5 

29 

10.45 005 9.97426 

4 

28 

10.44965 9.97421 

5 

27 

10.44925 9.97417 

4 

r 

26 

10.44 885 9.97412 

O 

25 

10.44845 9.97408 

4 

24 

10.44805 9.97403 

5 

23 

10.44765 9.97399 

4 

22 

10.44725 9.97 394 

5 

A 

21 

10.44 685 9.97 390 

‘k 

20 

10.44645 9.97385 

5 

19 

10.44605 9.97381 

4 

18 

10.44566 9.97370 

5 

17 

10.44 526 9.97372 

4 

K 

16 

10.44 486 9.97 367 

o 

15 

10.44446 9.97363 

4 j 

14 

10.44407 9.97358 

5 

r 

13 

10.44 367 9.97353 

5 

12 

10.44 327 9.97349 

4 

c 

11 

10.44 288 9.97344 

O 

10 

10.44248 9.97340 

4 

9 

10.44209 9.97335 

5 

8 

10.44169 9.97331 

4 

7 

10.44130 9.97326 

5 

A 

6 

10.44090 9.97322 


5 

10.44051 9.97317 

5 

4 

10.44 011 9.97312 

5 

3 

10.43 972 9.97308 

4 

2 

10.43 933 9.97303 

5 

4 

1 

j _ 0.43 893 9.97299 



L Tan L Sin 

7 

/ 


Prop. Pte, 



41 

40 

2 

8.2 

8.0 

3 

12.3 

12.0 

4 

16.4 

16.0 

5 

20.5 

20.0 

0 

24.6 

24.0 

7 

28.7 

28.0 

8 

32.8 

32.0 

9 

36.9 

36.0 



37 

36 

2 

7.4 

7.2 

3 

lt.l 

10.8 

4 

11.8 

14.4 

5 

18.5 

18.0 

6 

22.2 

21.6 

7 

25.9 

25.2 

8 

29.6 

28.8 

9 

33.3 

32.4 


7.8 

11.7 

15.6 

19.5 

23.4 

27.3 

31.2 

35.1 


35 

7.0 

10.5 
14.0 

17.5 

21.0 

24.5 
28.0 

31.5 



34 

5 

4 

2 

6.8 

1.0 

0.8 

3 

10.2 

1.5 

1.2 

4 

13.6 

2.0 

1.6 

5 

17.0 

2.5 

2.0 

6 

20.4 

3.0 

2.4 

7 

23.8 

3.5 

2.8 

8 

27.2 

4.0 

3.2 

9 

30.6 

4.5 

3.6 


From the top: 

For 19°+ or 199°+ 
read as printed; for 
109° + or289°+, read 
co-function. 

From the "bottom: 

For 70° + or250° + f 
read as printed; for 
160°+ or340°+ read 
co-function. 


70° — Logarithms of Trigonometric Functions 


Prop. Pte. 



0 

1 

2 

3 

4 
6 
6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 
■ 31 

32 

33 

34 

35 
“36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 


20° — Logarithms of Trigonometric Functions cm 

■ Prop, Pts. ] 


LSin Id 


9.53 405 

9.53 440 

9.53 475 

9.53 509 

9.53 544 

9.53 578 

9.53 613 

9.53 647 

9.53 682 

9.53 716 

9.53 751 

9.53 785 

9.53 819 

9.53 854 

9.53 888 

9.53 922 

9.53 957 

9.53 991 

9.54 025 

9.54 059 

9.54 093 

9.54 127 

9.54 161 

9.54 195 

9.54 229 

9.54 263 

9.54 297 

9.54 331 

9.54 365 

9.54 399 

9.54 433 

9.54 466 

9.54 500 

9.54 534 

9.54 567 

9.54 601 

9.54 635 

9.54 668 

9.54 702 

9.54 735 

9.54 769 

9.54 802 

9.54 836 

9.54 869 

9.54 903 

9.54 936 

9.54 969 

9.55 003 

9.55 036 

9.55 069 

9.55 102 

9.55 136 

9.55 169 

9.55 202 

9.55 235 

9.55 268 

9.55 301 

9.55 334 

9.55 367 

9.55 400 

9.55 433 


LTan cd 


9.56 107 

9.56 146 

9.56 185 

9.56 224 

9.56 264 

9.56 303 

9.56 342 

9.56 381 

9.56 420 

9.56 459 

9.56 498 
9.56537 

9.56 576 

9.56 615 

9.56 654 

9.56 693 

9.56 732 

9.56 771 

9.56 810 

9.56 849 

9.56 887 

9.56 926 

9.56 965 

9.57 004 

9.57 042 

9.57 081 

9.57 120 

9.57 158 

9.57 197 

9.57 235 

9.57 274 

9.57 312 

9.57 351 

9.57 389 

9.57 428 

9.57 466 

9.57 504 

9.57 543 

9.57 581 

9.57 619 

9.57 658 

9.57 696 

9.57 734 

9.57 772 

9.57 810 

9.57 849 

9.57 887 

9.57 925 

9.57 963 

9.58 001 

9.58 039 

9.58 077 

9.58 115 

9.58 153 

9.58 191 

9.58 229 

9.58 267 

9.58 304 

9.58 342 

9.58 380 

9.58 41 S 


L Cos I d I L Ctn I c d 


39 


38 


38 


L Ctn 


10.43 893 

10.43 854 

10.43 815 

10.43 776 

10.43 736 

10.43 697 

10.43 658 

10.43 619 

10.43 580 

10.43 541 

10.43 502 
10.43463 
10.43424 

10.43 385 

10.43 346 

10.43 307 

10.43 268 

10.43 229 

10.43 190 

10.43 151 

10.43 113 

10.43 074 
10.43035 

10.42 996 

10.42 958 
10.42919 

10.42 880 

10.42 842 

10.42 803 

10.42 765 

10.42 726 

10.42 688 

10.42 649 

10.42 611 
10.42572 
10.42534 
10.42496 
10.42457 
10.42419 

10.42 381 

10.42 342 

10.42 304 

10.42 266 

10.42 228 

10.42 190 
10.42151 

10.42 113 

10.42 075 

10.42 037 
10.41999 
10.41961 
10.41 923 
10.41885 
10.41847 
10.41809 
10.41771 
10.41733 
10.41696 
10.41658 
10.41620 
10.41582 


9.97299 

9.97294 

9.97289 

9.97285 

9.97280 

9.97276 

9.97271 

9.97266 

9.97262 

9.97257 


9.97248 

9.97 243 

9.97 238 
9.97234 
9.97229 

9.97 224 

9.97 220 

9.97 215 

9.97 210 
9.97206 
9.97201 

9.97 196 
9.97192 

9.97 187 

9.97 182 

9.97 178 

9.97 173 

9.97 168 

9.97 163 
9.97159 

9.97 154 

9.97 149 

9.97 145 

9.97 140 

9.97 135 
9.97130 
9.97126 

9.97 121 

9.97 116 

9.97 111 

9.97 107 

9.97 102 
9.97097 
9.97092 
9.97087 

9.97 083 
9.97078 
9.97073 
9.97068 
9.97063 
9.97059 
9.97054 
9.97049 
9.97044 
9.97039 
9.97035 
9.97030 
9.97025 

9.97 020 

9.97 015 


L Tan L Sin 


49 

48 

47 

46 

45 

44 

43 

42 

41 

40 

39 

38 

37 

36 

35 

34 

33 

32 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 


40 

39 

38 

8.0 

7.8 

7.6 

12.0 
- 1,6 0 - 

11.7 

11.4 

Bffltil 

mm 

ItflEI 

tjiWM 

until 

IjIpEfl 

28.0 

27.3 

26 . 6 1 

32.0 

31.2 

30.4 

36.0 

35.1 

34.2 

37 

35 

34 

7.4 

7.0 

6.8 

11.1 

10.5 

10.2 

14.8 

14.0 

13.6 

18.5 

17.5 

17.0 

22.2 

21.0 

20.4 

25.9 

24.5 

23.8 

29.6 

28.0 

27.2 

33.3 

31.5 

30 .C 



33 

5 

4 

2 

6.6 

1.0 

0.8 

3 

9.9 

1.5 

1.2 

4 

13.2 

2.0 

1.6 

5 

16.5 

2.5 

2.0 

6 

19.8 

3.0 

2.4 

7 

23.1 

3.5 

2.8 

8 

26.4 

4.0 

3.2 

9 

29.7 

4.5 

3.6 


From the top: 

For 20° + or200° + , 
read as printed; for 
110 o+ or290 o+ , read 
co-function. 

From the bottom: 

For 69° + or249° + , 
read as printed; for 
159°+or339°+read 
co-function. 


Prop. Pts. 


> — Logarithms of Trigonometric Functions 








21° — Logarithms of Trigonometric Functions 67 


LSin I d I LTan Icdl L Ctn | LCos |d| | Prop.Pts. 


0 9.55 433 „ 

1 9.55 466 *2 

2 9.55 499 " 

3 9.55 532 " 

4 9.55 564 Jj 
■ 5 9.55 597 

6 9.55 630 2® 

7 9.55 663 " 

5 9.55 695 2; 

9 9.55 728 ™ 

10 9.55 761 ao 

11 9.55 793 f- 

12 9.55 826 22 

13 9.55 858 2? 

14 9.55 891 'gi; 

15 9.55 923 " 

16 9.55 956 2? 

17 9.55 988 ti 

18 9.56 021 2o 

19 9.56 053 £ 

20 9.56 085 „ 

21 9.56 118 22 

22 9.56150 22 

23 9.56 182 „ 

24 9.56 215 ^ 

25 9.56 247 

26 9.56 279 " 

27 9.56 311 2; 

28 9.56 343 2o 

29 9.56 375 ~ 

30 9.56 408 ‘ 

31 9.56 440 Sr, 

32 9.56 472 

33 9.56 504 £ 

34 9.56 536 £ 

35 9.56 568 « 

36 9.56 599 S, 

37 9.56 631 ± 

38 9.56 663 £ 

39 9.56 695 £ 

40 9.56 727 Z 

41 9.56 759 2T 

42 9.56 790 'Z 

43 9.56 822 S; 

44 9.56 854 £ 

45 9.56 886 

46 9.56 917 

47 9.56 949 Sf 

48 9.56 980 " 

49 9.57 012 ll 

50 9.57 044 31 

51 9.57 075 2o 

52 9.57107 ST 

53 9.57138 

54 9.57 169 fj, 

55 9.57 201 Z 

56 9.57 232 " 

57 9.57 264 2i 

58 9.57 295 5 

59 9.57 326 

60 9.57 358 _ 

L Cos d 


9.58418 
9.58 455 
9.58493 
9.58 531 
9.58569 
9.58 606 
9.58 644 
9.58 681 
9.58 719 
9.58 757 
9.58 794 
9.58 832 
9.58 869 
9.58 907 
9.58 944 

9.58 981 

9.59 019 
9.59 056 
9.59 094 
9.59 131 
9.59 168 
9.59 205 
9.59 243 
9.59 280 
9.59 317 
9.59 354 
9.59 391 
9.59429 
9.59466 
9.59 503 
9.59 540 
9.59 677 
9.59 614 
9.59 651 
9.59 688 
9.59 725 
9.59 762 
9.59 799 
9.59 835 
9.59 872 
9.59909 
9.59 946 

9.59 983 

9.60 019 
9.60 056 
9.60 093 
9.60 130 
9.60 166 
9.60 203 
9.60 240 
9.60 276 
9.60 313 
9.6C349 
9.60386 
9.60422 
9.60459 
9.60 495 
9.60532 
9.60 568 
9.60605 
9.60 641 

1 LCtn 


„ 10.41582 

37 10.41515 
3° 10.41507 
33 10.41409 

38 10.41431 

Z 10.41394 
38 10.41 356 

37 10.41319 
3f 10.41281 
33 10.41243 

Z 10.41206 
33 10.41168 
ll 10.41131 

38 10.41093 

37 10.41 056 
Z 10.41019 

38 10.40 981 

37 10.40 944 
33 10.40 906 
37 10.40869 

ll 10.40832 

37 10.40795 

38 10.40 757 

37 10.40 720 
37 10.40683 

ZL 10.40646 

37 10.40 609 

38 10.40 571 

37 10.40 534 

37 10.40497 

Z 10.40460 
37 10.40 423 
37 10.40 386 
37 10.40 349 
37 10.40 312 

Z 10.40275 
37 10.40 238 
37 10.40201 
3« 10.40165 
37 10.40 128 

Z 10.40091 
37 10.40054 
37 10.40 017 

36 10.39981 

37 10.39 944 
Z 10.39907 
37 10.39 870 

36 10.39 834 

37 10.39 797 
37 10.39 760 
It 10.39724 
37 10.39687 

36 10.39651 

37 10.39 614 
36 10.39578 
z 10.39541 

36 10.39505 

37 10.39468 

36 10.39 432 

37 10.39395 

86 10.39359 

cd L Tan 


9.97015 
9.97010 
9.97005 
9.97001 
9.96996 
9.96991 
9.96 9SG 
9.96 9S1 
0.96 976 
9.96971 
9.96966 
9.96 9G2 
9.96957 
9.96 952 
9.96 947 
9.96 942 
9.96 937 
9.96 932 
9.96 927 
9.96922 
9.96917 
9.96912 
9.96907 
9.96 903 
9.96 898 
9.96 893 
9.96 888 
9.96 883 
9.96 878 
9.96 873 
9.96 868 
9.96863 
9.96858 
9.96 853 
9.96 848 
9.96 843 
9.96 838 
9.96 833 
9.96 828 
9.96 823 
9.96 818 
9.96 813 
9.96808 
9.96803 
9.96798 
9.96793 
9.96788 
9.96783 
9.96778 
9.96772 
9.96 767 
9.96762 
9.96757 
9.96752 
9.96747 
9.96742 
9.96737 
9.96732 
9.96 727 
9.96 722 
9.96717 

L Sin 


shi 


38 

37 

36 

7.6 

7.4 

7.2 

11.4 

11.1 

10.8 

15.2 

lt.8 

14.4 

19.0 

1S.5 

1S.0 

22.8 

22.2 

21.0 

26.6 

251) 

25.2 

30.4 

29.6 

28/’ 

34.2 

33.3 

32 A 


33 

32 

31 

6.6 

6.4 

6.2 

9 .• 

0.0 

9.3 

13.2 

12.8 

12.4 

l'..f 

16.0 

15.5 

19.8 

19.2 

18.6 

23.1 

22 4 

21.7 

26.4 

25.0 

24.8 

29.7 

2S.8 

27.9 



6 

6 

4 

2 

1.2 

1.0 

0.8 

3 

1.8 

1.5 

1.2 

4 

2.4 

2.0 

1.6 

5 

3.0 

2.5 

2.0 

6 

3.6 

3.0 

2.4 

7 

4.2 

3.5 

2.S 

8 

4.H 

4.0 

3.2 

9 

5.4 

4.5 

3.6 


From the top: 

For 21° + or 201°+, 
rend as printed; for 
111°+or 291°+read 
co-function. 

From the bottom: 

For 68°+ or248°+, 
read as printed; for 
158° + or338 0+ , read 
co-function. 


Prop. Pta. 


>_ Logarithms of Trigonometric Functions 






0 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 
581 
59 ] 
60 


22° — Logarithms of Trigonometric Functions pn 


LSin 

9.57 358 
9.57 389 
9.57 420 
9.57451 
9.57 482 
9.57 514 
9.57 545 
9.57 576 
9.57 607 
9.57 638 
9.57 669 
9.57 700 
9.57 731 
9.57 762 
9.57 793 
9.57 824 
9.57 855 
9.57 885 
9.57 916 
9.57 947 

9.57 978 

9.58 008 
9.68 039 
9.58 070 
9.58 101 
9.58 131 
9.58 162 
9.58 192 
9.58 223 
9.58 253 
9.58 284 
9.58 314 
9.58 345 
9.58 375 
9.58 406 
9.58 436 
9.58 467 
9.58 497 
9.58 527 
9.58 557 
9.58 588 
9.58 618 
9.58 648 
9.58 678 
9.58 709 
9.58 739 
9.58 769 
9.58 799 
9.58 829 
9.58 859 
9.58 889 
9.58 919 
9.58 949 

9.58 979 

9.59 009 
9.59 039 
9.59 069 
9.59 098 
9.59 128 
9.59 158 
9.59 188 


LTan cd 


9.60 641 
9.60 677 
9.60 714 
9.60 750 
9.60786 
9.60 823 
9.60 859 
9.60 895 

9.60 931 
9.60967 

9.61 004 
9.61 040 
9.61 076 
9.61 112 
9.61148 
9.61184 
9.61 220 
9.61 256 
9.61 292 
9.61 328 
9.61 364 
9.01 400 
9.61 436 
9.61472 
9.01508 
9.61 544 
9.61 579 
9.61 615 
9.61 651 
9.61687 
9.61 722 
9.01 758 
9.01 794 
9.61 830 
9.61 865 
9.61 901 
9.01 936 

9.61 972 

9.62 008 
9.62 043 
9.62 079 
9.62 114 
9.62 150 
9.62 185 
9 . C 2 221 
9.62 256 
9.62 292 
9.62 327 
9.02 302 
9.02 398 
9.62 433 
9.62 468 
9.62 504 
9.62 539 
9.62 574 
9.62 609 
9.62 645 
9.62 680 
9.62 715 
9.62 750 
9.62 785 


LCtn 


cd 


LCtn I LCos 

10.39 359 
10.39323 
10.39 286 
10.39 250 
10.39214 
10.39 177 
10.39 141 
10.39105 
10.39069 
10.39 033 
10.38996 
10.38 960 
10.38924 
10.38 888 
10.38 852 
10.38816 
10.38780 
10.38744 
10.38708 
10.38672 
10.38 636 
10.38 600 
10.38564 
10.38 528 
10.38492 
10.38456 
10.38421 
10.38 385 
10.38349 
10.38313 
10.38 278 
10.38 242 
10.38206 
10.38170 
10.38 135 
10.38099 
10.38 064 
10.38028 
10.37 992 
10.37 957 
10.37 921 
10.37 886 
10.37 850 
10.37 815 
10.37779 
10.37744 
10.37 708 
10.37 673 
10.37638 
10.37602 
10.37 567 
10.37 532 
10.37496 
10.37461 
10.37426 
10.37391 
10.37 355 
10.37320 
10.37285 
10.37250 
10.37215 


9.96717 
9.96711 
9.96706 
9.96701 
9.96696 
9.96691 
9.96686 
9.96681 
9.96676 
9.96670 
9.96665 
9.96600 
9.96655 
9.96650 
9.96645 
9.96640 
9.96 634 
9.96629 
9.96 624 
9.96 619 
9.96 614 
9.96 608 
9.96603 
9.96598 
9.96593 
9.96588 
9.96 582 
9.96577 
9.96572 
9.96567 
9.96562 
9.96556 
9.96 551 
9.96 546 
9.96541 
9.96 535 
9.96 530 
9.96 525 
9.96 520 
9.96514 
9.96509 
9.96504 
9.96498 
9.96493 
9.96488 
9.96483 
9.96477 
9.96472 
9.96467 
9.96461 
9.96456 
9.96451 
9.96445 
9.96440 
9.96435 
9.96429 
9.96424 
9.96419 
9.96413 
9.96408 
9.96403 


LTan LSin Id 


Prop. Pts. 



37 

36 

35 

2 

7.4 

7.2 

7.0 

3 

11.1 

10.8 

10.5 

4 

14.8 

14.4 

14.0 

5 

18.5 

18.0 

17.5 

6 

22.2 

21.6 

21.0 

7 

25.9 

25.2 

24.5 

8 

29.6 

28.8 

28.0 

9 

33.3 

32.4 

31.5 


32 

31 

30 

2 

6.4 

6.2 

6.0 

3 

9.6 

9.3 

9.0 

4 

12.8 

12.4 

12.0 

5 

16.0 

15.5 

15.0 

6 

19.2 

18.6 

18.0 

7 

22.4 

21.7 

21.0 

8 

25.6 

24.8 

24.0 

9 

28.8 

27.9 

27.0 



29 

6 

2 

5.8 

1.2 

3 

8.7 

1.8 

4 

11.6 

2.4 

5 

14.5 

3.0 

6 

17.4 

3.6 

7 

20.3 

4.2 

8 

23.2 

4.8 

9 

26.1 

5.4 


5 

1.0 

1.5 

2.0 

2.5 
3.0 

3.5 
4.0 

4.5 


From the top: 

For22 0+ or202°+, 1 
read as printed; for 
U2°+or292°+read 1 
co-function. 

From the bottom: 

For67 0+ or247° + , ■ 
read as printed; for 
157° + or337° + , read 
co-function. 


LCos I d 

67° — Logarithms of Trigonometric Functions 


Prop. Pts. 


HI] 23 —* Logarithms of Trigonometric Functions 


fig LSin | d 

0 9.59188 OA 

1 9.59 218 2>. 

2 9.59 247 

3 9.59277 

4 9.59 307 X? 

5 9.59336 ” 

6 9.59 366 JJ 

7 9.59 396 

8 9.59 425 ® 

9 9.59 455 JO 

10 9.59 484 " 

11 9.59 514 

12 9.59 543 

13 9.59 573 ?! 

14 9.59 602 29 

16 9.59 632 f? 

16 9.59 661 

17 9.59 690 29 

18 9.59 720 ?! 

19 9.59 749 |9 

20 9.59 778 

21 9.59 808 ?£ 

22 9.59 837 ?X 

23 9.59 866 29 

24 9.59 895 29 

25 9.59 924 Z n 

26 9.59 954 JO 

27 9.59 983 ?! 

28 9.60012 J9 

29 9.60041 29 

30 9.60070 on 

31 9.60 099 J9 

32 9.60128 J9 

33 9.60157 29 

34 9.G0 186 29 

35 9.60215 _ 

36 9.60 244 J9 

37 9.60 273 ?! 

38 9.60302 ?? 

39 9.60 331 29 

40 9.60 359 „ 

41 9.60 388 

42 9.60417 J9 

43 9.60446 ?? 

44 9.60474 ?! 

45 9.60503 _ 

46 9.60 532 ?? 

47 9.60 561 ?? 

48 9.60 589 ?! 

49 9.60 618 *9 

60 9.60 646 on 

51 9.60 675 29 

52 9.60 704 ?J 

53 9.60732 ?! 

54 9.60 761 ‘9 

65 9,60 789 _ 

56 9.60818 J9 

57 9.60 816 

58 9.60 875 ?? 

59 9.60903 ‘8 

9.60 931 


Icdl LCtn I LCos Id I 


9.62 785 
9.62 820 
9.62 855 
9.62 890 
9.62 926 
9.62 961 

9.62 996 

9.63 031 
9.63 066 
9.03101 
9.63 135 
9.63 170 
9.63 205 
9.63 240 
9.63 275 
9.63 310 
9.63 345 
9.63 379 
9.63 414 
9.63 449 
9.63 484 
9.63 519 
9.63 553 
9.63 588 
9.63 623 
9.63 657 
9.63 692 
9.63 726 
9.63 761 
9.63 796 
9.63 830 
9.63 865 
9.63 899 
9.63 934 

9.63 968 

9.64 003 
9.64 037 
9.64 072 
9.64 106 
9.01140 
9.64 175 
9.64 209 
9.04 243 
9.G4 278 
9.G4 312 
9.64 346 
9.64 381 
9.64415 
9.64 449 
9.04483 
9.64 517 
9.04 552 
9.64 586 
9.64 620 
9.64 654 
9.64 688 
9.64 722 
9.64 756 
9.64 790 
9.64 824 


, 10.37215 
> 10.37180 
' 10.37145 
1 10.37110 
; 10.37074 
10.37039 
1 10.37004 
10.36969 
10.36934 
10.36899 
10.36865 
10.36 830 
10.36795 
10.36760 
10.36725 
10.36 690 
10.36 055 
10.36 621 
10.36586 
10.36551 
10.36 516 
10.36481 
10.36447 
10.36412 
10.36 377 
10.36 343 
10.36 308 
10.36274 
10.36239 
10.36204 
10.36 170 
10.36135 
10.36 101 
10.36066 
10.36032 
10.35997 
10.35 9G3 
10.35 928 
10.35 894 
10.35 800 
10.35825 
10.35 791 
10.35 757 
10.35722 
10.35688 
10.35654 
10.35 619 
10.35585 
10.35551 
10.35517 
10.35483 
10.35448 
10.35414 
10.35380 
10.35346 
10.35312 
10.35 278 
10.35 244 
10.35210 
10.35176 


9.96397 
9.96392 ; 
9.96387 ; 
9.96381 ) 
9.96376 ! 
9.96370 J 
9.96365 
9.96300 J 
9.96354 J 
9.96 349 J 
9.96 343 fi c w 
9.96338 ® 48 
9.96333 ; 47 
9.96327 ® 46 
9.96 322 Z 45 
9.96 316 ® 44 
9.96311 ® 43 
9.96305 J 42 
9.96300 J 41 
9.96 294 _ 40 
9.96 289 ® 39 
9.96 2S4 * 38 
9.96278 ® 37 
9.96273 ® 36 
9.96 2G7 Z 35 
9.96202 J 34 
9.96256 ® 33 
9.96 251 i 32 
9.96245 J 31 
9.96240 ° n 30 
9.96 234 ® 29 
9.96 229 e 28 
9.96 223 ® 27 
9.96218 * 26 
9.96212 ” 25 
9.9G207 ® 24 
9.96201 ? 23 
9.96196 ! 22 
9.96190 ® 21 
9.96185 . 20 
9.96179 ® 19 
9.96174 X 18 
9.96108 £ 17 
9.96102 ® 16 
9.96157 A 15 
9.06151 J 14 
9.06146 l 13 , 
9.00140 ! 12 ! 
9.96135 J 11 ■ 
9.96129 A 10 1 
9.06123 ® 9 

9.96118 £ 8 

9.96112 ® 7 

9.96107 J 6 
9.96101 A 5 . 
9.96095 ® 4 

9.96090 i 3 ] 
9.96 084 £ 2 < 

9.96079 J 1 
9.96073 


Prop. Pts. 

36 35 

2 7.2 7.0 

3 10.8 10.5 

4 14.4 14.0 

5 18.0 17.5 

6 21.6 21.0 

7 25.2 24.5 

8 28.8 28.0 
9 32.4 31.5 

34 30 

2 6.8 6.0 

3 10.2 9.0 

4 13.6 12.0 

5 17.0 15.0 

6 20.4 18.0 

7 23.8 21.0 

8 27.2 21.0 

9 | 30.6 27.0 

29 28 

2 5.8 6.6 

3 8.7 8.4 

4 11.6 11.2 
6 14.5 14.0 

6 17.4 16.8 

7 20.3 19.6 

8 23.2 22.4 

9 26.1 25.2 

6 5 

2 1.2 1.0 

3 1.8 1.5 

4 2.4 2.0 

5 3.0 2.5 

6 3.6 3.0 

7 4.2 3.5 

8 4.8 4.0 

9 5.4 4.5 


From the top: 

For 23° + or203°+, 
read as printed; for 
113° + or293° + , read 
co-function. 

From the bottom: 
For 96°+or246°+ 
read as printed; for 
156° + or336° + , read 
co-function. 
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24°— 


LSin I d 


0 9.60931 

1 9.60960 

2 9.60988 

3 9.61016 

4 9.61045 

5 9.61073 

6 9.61101 

7 9.61129 

8 9.61158 

9 9.61186 

10 9.61214 

11 9.61242 

12 9.61270 

13 9.61298 

14 9.61326 
16 9.61354 

16 9.61382 

17 9.61411 

18 9.61438 

19 9.61466 
9.61 494 

21 9.61522 

22 9.61550 

23 9.61578 

24 9.61606 

25 9.61634 

26 9.61662 

27 9.61689 

28 9.61717 

29 9.61745 

30 9.61773 

31 9.61800 

32 9.61828 

33 9.61856 

34 9.61883 
36 9.61911 

36 9.01939 

37 9.61966 

38 9.61994 

39 9.62 021 

40 9.62 049 

41 9.62 076 

42 9.62104 

43 9.62 131 

44 9.62 159 

45 9.62 186 

46 9.62 214 

47 9.62 241 

48 9.62 268 

49 9.62 296 
60 9.62 323 

51 9.62 350 

52 9.62 377 

53 9.62 405 

54 9.62 432 
65 9.62 459 

56 9.62 486 

57 9.62 513 

58 9.62 541 

59 9.62 568 

60 9.62 595 

r L Cos 


Logarithms of Trigonometric Functions 

L Tan |cd| L Ctn 1 L Cos |d 


cm 


28 


28 


28 


9.64 858 

9.64 892 

9.64 926 

9.64 960 

9.64 994 

9.65 028 

9.65 002 

9.65 096 

9.65 130 

9.65 164 

9.65 197 

9.65 231 

9.65 265 

9.65 209 

9.65 333 

9.65 366 

9.65 400 

9.65 434 

9.65 467 

9.65 501 

9.65 535 

9.65 568 

9.65 602 

9.65 636 

9.65 609 

9.65 703 

9.65 736 

9.65 770 

9.65 803 

9.65 837 

9.65 870 

9.65 904 
9.65937 

9.65 971 

9.66 004 

9.66 038 

9.66 071 

9.66 104 

9.66 138 

9.66 171 
9.60204 

9.66 238 

9.66 271 

9.66 304 

9.66 337 
9.66371 

9.66 404 

9.66 437 
9.66470 

9.66 503 

9.66 537 

9.66 570 

9.66 603 

9.66 636 

9.66 669 

9.66 702 

9.66 735 

9.66 768 

9.66 801 

9.66 834 



10.35142 

9.96073 


60 

34 

10.35108 

9.96067 

6 

59 

34 

10.35074 

9.96062 

5 

58 

34 

10.35 040 

9.96056 

6 

57 

34 

10.35006 

9.96050 

6 

56 


10.34972 

9.96045 


55 

34 

10.34938 

9.96039 

6 

54 

34 

10.34904 

9.96034 

5 

53 

34 

10.34870 

9.96028 

6 

52 

34 

10.34836 

9.96022 

6 

51 


10.34803 

9.96017 


50 

34 

10.34769 

9.96 011 

6 

49 

34 

10.34735 

9.96005 

6 

48 

34 

10.34701 

9.96000 

5 

47 

34 

10.34667 

9.95994 

6 

46 


10.34634 

9.95988 


45 

34 

10.34600 

9.95 982 

6 

44 

34 

10.34566 

9.95977 

5 

43 

33 

10.34533 

9.95971 

6 

42 

34 

10.34499 

9.95965 

6 

41 


10.34465 

9.95960 


40 

33 

10.34432 

9.95 954 

6 

39 

34 

10.34398 

9.95948 

6 

38 

34 

10.34364 

9.95942 

6 

37 

33 

10.34 331 

9.95937 

5 

36 


10.34297 

9.95931 


35 

33 

10.34 264 

9.95925 

6 

34 

34 

10.34230 

9.95920 

5 

33 

33 

10.34197 

9.95 914 

6 

32 

34 

10.34163 

9.95908 

6 

31 


10.34130 

9.95902 


30 

34 

10.34 096 

9.95 897 

5 

29 

33 

10.34 063 

9.95 891 

6 

28 

34 

10.34029 

9.95 885 

6 

27 

33 

10.33 996 

9.95879 

6 

A 

26 

iH 

10.33962 

9.95873 

D 

25 

33 

10.33929 

9.95 868 

5 

24 

33 

10.33 896 

9.95 862 

6 

23 

34 

10.33 862 

9.95 856 

6 

22 

33 

Q1 

10.33829 

9.95850 

6 

A 

21 

OO 

10.33796 

9.95 844 

o 

20 

34 

10.33702 

9.95839 

5 

19 

33 

10.33729 

9.95 833 

6 

18 

33 

10.33 696 

9.95 827 

6 

17 

33 

Oi 

10.33663 

9.95 821 

6 

A 

16 

An 

10.33629 

9.95815 

D 

15 

33 

10.33 596 

9.95 810 

5 

14 

33 

10.33563 

9.95 804 

6 

13 

33 

10.33530 

9.95798 

6 

12 

33 

qi 

10.33497 

9.95 792 

6 

ft 

11 


10.33463 

9.95786 

o 

10 

33 

10.33430 

9.95780 

6 

9 

33 

10.33397 

9.95775 

5 

8 

33 

10.33364 

9.95 769 

6 

7 

33 

33 

10.33331 

9.95 763 

6 

A 

6 


10.33 298 

9.95 757 


5 

33 

10.33 265 

9.95 751 

6 

4 

33 

10.33232 

9.95 745 

6 

3 

33 

10.33 199 

9.95739 

6 

2 

33 

10.33 166 

9.95 733 

6 

c 

1 

Oo 

10.33 133 

9.95 728 

O 

0 


|_Prop. PtsT ~| 



34 

33 

2 

6.8 

6.6 

3 

10.2 

9.9 

4 

13.6 

13.2 

5 

17.0 

16.5 

6 

20.4 

19.8 

7 

23.8 

23.1 

8 

27.2 

26.4 

9 

30.6 

29.7 


*29 

28 

2 

5.8 

5.6 

3 

8.7 

8.4 

4 

11.6 

11.2 

5 

14.5 

14.0 

6 

17.4 

16.8 

7 

20.3 

19.6 

8 

23.2 

22.4 

9 

26.1 

25.2 


27 

6 

2 

5.4 

1.2 

3 

8.1 

1.8 

4 

10.8 

2.4 

5 

13.5 

3.0 

6 

16.2 

3.6 

7 

18.9 

4.2 

8 

21.6 

4.8 

9 

24.3 

5.4 


5 

1.0 

1.5 
2.0 

2.5 
3.0 

3.5 
4.0 

4.5 


From the top: 

For 24° + or 204 o+ , 
read as printed; for 
114°+ or 294°+ read 
co-function. 

From the bottom: 

For G5 0+ or 245° + , j 
read as printed; for j 
155°+ or 335°+ read* 
co-function. 
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65° — Logarithms of Trigonometric Functions 



' LSin | d 

3 0 9.62 595 ) 0 „ 

1 9.02 622 

2 9.62 649 *1 

3 9.62 676 £7 

4 9.62 703 27 

5 9.62 730 ZZ 

6 9.62 757 27 

7 9.62 784 27 

8 9.62 811 27 

9 9.62 838 27 

10 9.62 865 1 

11 9.62 892 27 

12 9.62 918 26 

13 9.62 945 27 

14 9.62 972 27 

15 9.62 999 ZL 

16 9.63 026 27 

17 9.63 052 26 

18 9.63 079 27 

19 9.63106 27 

20 9.63133 Z 

21 9.63159 26 

22 9.63 186 27 

23 9.63 213 27 

24 9.63 239 26 

25 9.63 266 1 

26 9.63 292 26 

27 9.63 319 27 

28 9.33 345 26 

29 9.63 372 27 

30 9.63 398 1 

31 9.63 425 27 

32 9.63 451 26 

33 9.63 478 27 

34 9.63 504 *® 

35 9.63 531 1 

36 9.63 557 26 

37 9.63 583 26 

38 9.63 610 27 

39 9.63 636 26 

40 9.63 662 ZZ 

41 9.63 689 27 

42 9.63 715 26 

43 9.63 741 26 

44 9.63 767 26 

45 9.63 794 OA 

46 9.63 820 ‘6 

47 9.63 846 26 

48 9.63 872 26 

49 9.63 898 ‘6 
60 9.63 924 OA 

51 9.63 950 ‘6 

52 9.63 976 J® 

53 9.64 002 26 

54 9.64 028 ‘6 

55 9.64 054 OR 

56 9.64 080 

57 9.64106 26 

58 9.641°2 26 

59 9.64158 ;® 
9.64184 
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LTan l ed 

9.66 867 M 
9.66 900 
9.66 933 £3 
9.66 966 

9.66 999 33 

9.67 032 ZZ 
9.67 065 f3 
9 67 098 33 
9.67131 33 
9.67163 32 
9.67196 ZZ 
9.67 229 J3 
9.67262 33 
9.67 295 J3 
9.67 327 32 
9.67 360 ;; 
9.67393 33 
9.67 426 33 
9.67 458 32 
9.67491 33 

9.67 524 “ 
9.G7 556 32 
9.67 559 
9X7 622 33 
9.67654 ** 
9.67 687 " 
9.C7 719 
9.07 752 -3 
9.67 785 4 
9.67 817 -3 
9.67850 " 
9.67 882 32 
9.67 915 33 
9.07 947 32 

9.67 980 33 

9.68 012 " 
9.G8 044 “2 
9.68077 -3 
9.68109 32 
9.68142 
9.68174 
9.68 206 “2 
9.68239 33 
9.68 271 32 
9.68 303 g 

9.68 336 
9.68 308 32 
9.08 400 32 
9.68432 " 
9.68 465 33 

9.68497 
9.68 529 “2 
9.68561 32 
9.08 593 
9.68 626 |3 

9.68 658 Z 
9.68 690 32 
9.68 722 « 
9.68 754 “2 
9.68 786 |2 
9.68 818 


LCtn LCos I d 1 

10.33133 9.95728 „ 
10.33100 9.95722 ® 
10.33067 9.95716 ® 
10.33034 9.95710 ® 
10.33001 9.95704 ® 
10.32968 9.95698 1 

10.32 935 9.95692 ? 
10.32902 9.95 686 ® 
10.32809 9.95680 ® 

10.32 837 9.95 674 ® 

10.32 804 9.95668 Z 

10.32 771 9.95 663 $ 
10.32738 9.95 657 ® 
10.32705 9.95 651 ® 

10.32 673 9.95645 ® 

10.32 640 9.95 639 Z 

10.32 607 9.95 633 ® 
10.32574 9.95 627 ® 

10.32 542 9.95 621 2 

10.32 509 9 95 615 ® 
10.32476 9.95 609 Z 

10.32 444 9.95603 2 
10.32411 9.95597 2 

10.32 378 9.95591 2 
10.32346 9.95686 ® 
10.32313 9.95 579 Z 

10.33 281 9.95573 2 

10.32 218 9.95567 
10.22 215 9.95561 2 
10.32183 9.95555 ® 
10.32150 9.95549 I J 
10.32118 9.95543 2 

10.32 085 9.95537 2 

10.32 053 9.95531 2 
10.32020 9.95525 ® 
10.31988 9.95 519 Z 1 
10.31956 9.95513 2 ! 
10.31923 9.95507 ® : 
10.31891 9.95500 J : 
10.31858 9.95 494 ® : 
10.31826 9.95488 Z ! 
10.31794 9.95482 2 : 
10.31701 9.05476 2 ■ 
10.31729 9.95470 2 : 
10.31697 9.95464 ® : 
10.31664 9.95458 Z 1 
10.31632 9.95452 2 : 
10.31600 9.95446 2 ■ 
10.31568 9.95440 2 : 
10.31635 9.95434 ® : 
10.31503 9.95427 l 3 
10.31471 9.95421 2 
10.31439 9.95415 2 
10.31407 9.95409 2 
10.31374 9.95403 ® 
10.31342 9.95397 Z 
10.31310 9.95391 ® 
10.31278 9.95384 J 
10.31246 9.95378 2 
10.31214 9.95372 ® 
10.31182 9.95366 I 


Prop. 

Pts. 

S3 

32 

6.6 

6.4 

9.9 

9.6 

13.2 

12.8 

16.5 

16.0 

19.8 

19.2 

23.1 

22.4 

26.4 

25.6 

29.7 

28.8 

27 

26 

5.4 

5.2 

8.1 

7.8 

10.8 

10.4 

13.5 

13.0 

16.2 

15.6 

18.9 

18.2 

21.6 

20.8 

24.3 

23.4 


7 6 

2 1.4 1.2 

3 2.1 1.8 

4 2.8 2.4 

5 3.5 3.0 

6 42 3.6 

7 4.9 4.2 

8 5.6 4.8 

9 6.3 5.4 


From the top: 

For 25°+ or 205°+ 
read as printed; for 
115°+ or 295°+, read 
co-function. 

From the bottom: 

For 64®+ or 244°+ r 
read as printed; for 
154°+or834°+read 
co-function. 
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10 

111 

121 

13 

14 
16 
16 

17 

18 

1191 
20 
121 
22 

23 

24 

25 

26 

27 

28 

I 291 
130 
1 31 

32 

33 
I 34 
136 
1 36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

147 

148 

149 

150 

151 

152 
53 

154 

155 

156 

57 

58 

159 

160 


9.64 184 
9.64 210 
9.64 236 
9.64 2G2 
9.64 288 
9.64 313 
9.64 339 
9.64 365 
9.G4 391 
9.64 417 
9.64 442 
9.64 4G8 
9.64 494 
9.64 519 
9.64 545 
9.64 571 
9.64 596 
9.64 622 
9.64 647 
9.64 673 
9.64 698 
9.64 724 
9.64 749 
9.64 775 
9.64 800 
9.64 826 
9.G4 851 
9.64 877 
9.64 902 
9.64 927 

9.64 953 
9.G4 978 

9.65 003 
9.65 029 
9.65 054 
9.65 079 
9.G5 104 
9.65 130 
9.65 155 
9.65 180 
9.65 205 
9.65 230 
9.65 255 
9.65 281 
9.65 306 
9.65 331 
9.65 356 
9.65 381 
9.65 406 
9.65 431 
9.65 456 
9.65 481 
9.65 506 
9.65 531 
9.65 556 
9.65 580 
9.65 605 
9.65 630 
9.65 655 
9.65 680 
9.65 705 


I L Cos 


9.68 818 
2® 9.68 850 
J2 9.68882 
2 ® 9.68 914 
2 ® 9.68946 

* 9.68 978 
2® 9.G9 010 
22 9.69 042 
2® 9.69 074 
H 9.69106 
„ 9.69138 
2® 9.G9 170 
2? 9.69 202 
2f 9X9 234 

9.G9 2G6 
® 9.69 298 
2® 9.C9 329 
2? 9.C9 361 
2J 9.C9 393 
2? 9.69 425 

* 9.69 457 
2“ 9.09 488 
2? 9.69 520 
2? 9.C9 552 

9.G9 584 
OP 9.69 615 
2^ 9X9 647 
2? 9X9 679 
22 9X9 710 

9.69 742 
9.69 774 

25 9X9 805 
22 9X9 837 

26 9X9 8G8 

9.69 900 
or 9.69 932 
22 9X9 963 
2? 9X9 995 
22 9.70 026 
H 9.70 058 

* 9.70 089 
25 9.70121 
22 9.70152 
2? 9.70 184 
2? 9.70 215 

* 9.70 247 
J? 9.70 278 
*2 9.70 309 
2? 9.70 341 
2 2 9.70372 
0 _ 9.70 404 
25 9.70 435 
22 9.70 466 
2? 9.70 498 
§? 9.70 529 
OP 9.70 560 
22 9.70 592 
22 9.70 623 
22 9.70 654 
1°. 9.70 685 

9.70 717 


|d| LCtn 


o 9 10.31182 
22 10.31150 
22 10.31118 
22 10.31 086 
3 f 10.31054 
_ 10.31022 
22 10.30 990 
22 10.30 958 
22 10.30 926 
3 ~ 10.30894 
00 10.30 862 
22 10.30 830 
22 10.30798 
22 10.30766 
32 10.30734 
10.30702 

21 10.30 671 

22 10.30 639 

22 10.30 607 
32 10.30 575 
„ 1C.30543 

3 1 10.30512 
22 10.30 480 
22 10.30 448 

32 10.30416 
" 10.30 385 
22 10.30353 
2? 10.30 321 
21 10.30290 
3 2 10.30 258 

~ 10.30 226 
21 10.30195 
10.30163 
21 10.30132 
2? 10.30100 
10.30 068 
21 10.30037 
“7 10.30 005 
21 10.29 974 
5- 10.29 942 
,1 10.29 911 
2? 10.29 879 
21 10.29 848 
2? 10.29 816 
3 1 10.29 785 
- 10.29 753 
2J 10.29 722 
21 10.29 691 
2? 10.29 659 
H 10.29 628 
10.29 596 
2} 10.29 565 
21 10.29 534 
2? 10.29 502 
10.29471 
10.29 440 
2? 10.29 408 
21 10.29 377 
21 10.29 346 
21 10.29 315 


9.95 366 
9.95 360 
9.95 354 
9.95 348 
9.95 341 
9.95 335 
9.95 329 
9.95 323 
9.95 317 
9.95 310 
9.95 304 
9.95 298 
9.95 292 
9.95 2S6 
9.95 279 
9.95 273 
9.95 267 
9.95 261 
9.95 254 
9.95 248 
9.95 242 
9.95 236 
9.95 229 
9.95 223 
9.95 217 
9.95 211 
9.05 204 
9.95 198 
9.95 192 
9.95 185 
9.95 179 
9.95 173 
9.95 167 
9.95 1G0 
9.95 154 
9.95 148 
9.95 141 
9.95 135 
9.95 129 
9.95 122 
9.95 116 
9.95 110 
9.95 103 
9.95 097 
9.95 090 
9.95 084 
9.95 078 
9.95 071 
9.95 005 
9.95 059 
9.95 052 
9.95 046 
9.95 039 
9.95 033 
9.95027 
9.95 020 
9.95 014 
9.95 007 
9.95 001 
9.94995 
9.94 988 


cd| LTan I LSin 



4.8 1.4 

7.2 2.1 

4 9.6 2.8 

5 12.0 3.5 

6 14.4 4.2 

7 16.8 4.9 

8 19.2 5.6 

9 21.6 6.3 


From the top: 

11 For26°+or206 o< , 

10 read as printed; for 
116°+or296°+read 
co-function. 

9 

g 

From the bottom: 
For 63° + or243° + , 
read as printed; for 
163°+or333°+read 
co-function. 


Prop . Pts. 

63° — Logarithms of Trigonometric Functions 
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9.65 705 0 . 

1 9.65 729 ft 

2 9.65 754 Ji 

3 9.65 779 25 

4 9.65 804 25 

5 9.65 828 fz 

6 9.65 853 25 
9.65 878 £ 
9.65 902 24 

9.65 927 25 

10 9.65 952 * 

11 9.65 976 24 

12 9.66 001 2o 

13 9.66 025 24 

14 9.66 050 

16 9.66 075 l* 

16 9.6C099 24 

17 9.66 124 25 

18 9.66148 24 

19 9.66 173 25 

9.66197 * 

21 9.66 221 24 

22 9.66 246 

23 9.66 270 24 

24 9.66 295 25 

25 9.66 319 

26 9.66 343 24 

27 9 66 368 25 

28 9.66 392 f* 

29 9.66 416 24 

9.66 441 H 

31 9.66 465 24 

32 9.66 489 24 

33 9.66 513 24 

34 9.66 537 24 

35 9.66 562 " 

36 9.66 586 ft 

37 9.66 610 24 

38 9.66 634 24 
31 9.66 658 24 

40 9.66 682 ^ 

41 9.66 706 24 

42 9.66 731 J? 

43 9.66 755 24 

44 9.66 779 24 

45 9.66 803 * 

46 9.66 827 24 

47 9.66 851 ft 

48 9.66 875 i* 

49 9.66 899 24 

50 9.66 922 0 . 

51 9.66 946 f* 

52 9.66 970 24 

53 9.66 994 ft 

54 9.67 018 f* 
65 9.67 042 

56 9.67 066 £ 

57 9.67 090 24 

58 9.67113 23 

59 9.67137 ft 

60 9.67 161 

L Cos d 


L Tan cdl 


9.70 717 
9.70 748 
9.70779 
9.70 810 21 
9.70 841 H 
9.70 873 “ 
9 70 904 31 
9.70 935 31 
9.70 966 31 

9.70 997 31 

9.71028 t] 
9.71059 31 
9.71090 31 
9.71121 31 

9.71 153 32 

9.71184 " 
9.71215 31 
9.71246 31 
9.71277 31 
9.71308 31 

9.71339 i] 
9.71370 31 
9.71401 31 
9.71431 fO 

9.71 462 31 

9.71493 „ 
9.71524 31 
9.71555 31 
9.71586 31 
9.71617 31 

9.71648 " 
9.71679 31 
9.71709 30 
9.71740 31 
9.71771 31 

9.71802 „ 
9.71833 31 
9.71863 30 
9.71894 31 
9.71925 31 

9.71955 
9.71986 31 

9.72 017 “I 
9.72 048 31 
9.72 078 30 

9.72109 
9.72 140 31 
9.72 170 30 
9.72 201 “I 
9.72 231 
9.72 262 ' 
9.72 293 31 
9.72 323 JO 
9.72 354 31 
9.72 384 2? 
9.72 415 _ 
0.72 445 30 
9.72 476 ?! 
9.72 506 2? 
9.72 537 31 

9.72 567 


10.29 283 
10.29252 
10.29221 
10.29190 
10.29159 
10.29127 
10.29096 
10.29065 
10.29034 
10.29003 
10.28972 
10.28941 
10.28910 
10.28879 
10.28847 
10.28816 
10.28785 
10.28754 
10.28723 
10.28 692 
10.28661 
10.28 630 
10.28599 
10.28569 
10.28538 
10.28507 
10.28476 
10.28445 
10.28414 
10.28383 
10.28 352 
10.28 321 
10.28 291 
10.28 260 
10.28229 
10.28198 
10.28167 
10.28137 
10.28106 
10.28075 
10.28045 
10.28 014 
10.27983 
10.27952 
10.27 922 
10.27 891 
10.27 8601 
10.27 830 
10.27799 
10.27769 
10.27 738 
10.27707 
10.27677 
10.27646 
10.27616 
10.27585 
10.27555 
10.27 524 
10.27494 
10.27463 
10.27433 


9.94 988 
9.94982 
9.94975 
9.94969 
9.94962 
9.94956 
9.94949 
9.94943 
9.94936 
9.94930 
9.94 923 
9.94917 | 
9.949111 
9.94 904 
9.94898 
9.94891 
9.94 885 
9.94 878 
9.94 871 
9.94865 
9.94 858 
9.94 852 
9.94 845 
9.94839 
9.94 832 
9.94826 
9.94 819 
9.94 813 
9.94 806 
9.94 799 
9.94793 
9.94786 
9.94780 
9.94773 
9.94 7C7 
9.94700 
9.94753 
9.94 747 
9.94740 
9.94 734 
9.94727 
9.94 720 
9.94 714 
9.94707 
9.94 700 
9.94694 
9.94 687 
9.94 680 
9.94 674 
9.94667 
9.94 660 
9.94 654 
9.94 647 
9.94 640 
9.94 634 
9.94 627 
9.94 620 
9.94 614 
9.94 607 
9.94 600 
9.94 593 


25 

5.0 
7.5 
10.0 
12.5 

6'1^01 15.0 
7 ! 21.01 17.5 


led! LTan I LSin Id] ' 


6 

1.2 
1.8 
2.4 
3.0 
3.6 
4.2 

8 I 5.0 I 4.8 

9 I 6.3 I 5.4 


From the top: 

For 27° + or207°+, 
read as printed; for 
117° + or297° + f read 
co-function. 

From the bottom: 

For 62° + or 242°+ 
read as printed; for 
152° + or332°+, read 
co-function. 


Prop. PCs. 
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“ 

L Sin 

d 

L Tan 

cd 

LCtn | LCos 

7 


■Prop. Pts. 1 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

9.67 161 
9.67 185 
9.67 208 
9.67 232 
9.67 256 
9.67 280 
9.67 303 
9.67 327 
9.67 350 
9.67 374 
9.67 398 
9.67 421 
9.67 445 
9.67 468 
9.67 492 
9.67 515 
9.67 539 
9.67 562 
9.67 586 
9.67 609 
9.67 633 
9.67 656 
9.67 680 
9.67 703 
9.67 726 
9.67 750 
9.67 773 
9.67 796 
9.67 820 
9.67 843 
9.67 866 
9.67 890 
9.67 913 
9.67 936 
9.67 959 

9.67 982 

9.68 006 
9.68 029 
9.68 052 
9.68 075 
9.68 098 
9.68 121 
9.68 144 
9.68 167 
9.68 190 
9.68 213 
9.68 237 
9.68 260 
9.68 283 
9.68 305 
9.68 328 
9.68 351 
9.68 374 
9.68 397 
9.68 420 
9.68 443 
9.68466 
9.68 489 
9.68 512 
9.68 534 
9.68 557 

24 

23 

24 
24 
24 

23 

24 

23 

24 
24 

23 

24 
23 
21 

23 

24 
23 
21 

23 

24 

23 

21 

23 

23 

24 

23 

23 

24 
23 

23 

24 
23 
23 
23 

23 

24 
23 
23 
23 
23 

23 

23 

23 

23 

23 

24 
23 
23 
22 
23 

23 

23 

23 

23 

23 

23 

23 

23 

22 

23 

9.72 507 
9.72 598 
9.72 628 
9.72 659 
9.72 689 
9.72 720 
9.72 750 
9.72 780 
9.72 811 
9.72 841 
9.72 872 
9.72 902 
9.72 932 
9.72 963 

9.72 993 

9.73 023 
9.73 054 
9.73 084 
9.73114 
9.73 144 
9.73 175 
9.73 205 
9.73 235 
9.73 2G5 
9.73 295 
9.73 326 
9.73 35G 
9.73 38G 
9.73 416 
9.73 44G 
9.73 476 
9.73 507 
9.73 537 
9.73 5G7 
9.73 597 
9.73 627 
9.73 657 
9.73 687 
9.73 717 
9.73 747 
9.73 777 
9.73 807 
9.73 837 
9.73 8G7 
9.73 897 
9.73 927 
9.73 957 

9.73 987 

9.74 017 
9.74 047 
9.74 077 
9.74 107 
9.74 137 
9.74 166 
9.74 196 
9.74 226 
9.74 256 
9.74 280 
9.74 310 
9.74 345 
9.74 375 

31 

30 

31 

30 

31 

30 

30 

31 

30 

31 

30 

30 

31 
30 

30 

31 
30 
30 

30 

31 

30 

30 

30 

30 

31 

30 

30 

30 

30 

30 

31 
30 
30 
30 
30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

29 

30 
30 

30 

30 

30 

29 

30 

10.27433 
10.27402 
10.27 372 
10.27341 
10.27 311 
10.27 280 
10.27250 
10.27220 
10.27 189 
10.27 159 
10.27 128 
10.27098 
10.27 0G8 
10.27 037 
10.27007 
10.26 977 
10.2o 946 
10.2G91G 
10.26 8S6 
10.26 856 
10.26 825 
10.2G 795 
10.26 7G5 
10.26 755 
10.26 705 
10.26 674 
10.26 644 
10.26 614 
10.26 584 
10.26 554 
10.26 524 
10.26493 
10.26403 
10.26433 
10.26403 
10.26 373 
10.26 343 
10.26 313 
10.26283 
10.26 253 
10.26 223 
10.26 193 
10.26 163 
10.26 133 
10.26 103 
10.26073 
10.26043 
10.26013 
10.25 983 
10.25 953 
10.25 923 
10.25 893 
10.25 863 
10.25 834 
10.25 804 
10.25 774 
10.25 744 
10.25 714 
10.25 684 
10.25 655 
10.25 625 

9.94593 
9.94587 
9.94580 
9.94573 
9.94567 
9.94 560 
9.94553 
9.94546 
9.94 540 
9.94533 
9.94 526 
9.94 519 
9.94513 
9.94506 
9.94499 
9.94492 
9.94485 
9.94479 
9.94472 
9.94 4G5 
9.94458 
9.94451 
9.94 445 
9.94 43S 
9.94431 
9.94424 
9.94417 
9.94 410 
9.94 404 
9.94 397 
9.94 390 
9.94 383 
9.94 376 
9.94 369 
9.94 362 
9.94 355 
9.94 349 
9.94 342 
9.94 335 
9.94 328 
9.94321 
9.94 314 
9.94 307 
9.94300 
9.94 293 
9.94286 
9.94 279 
9.94 273 
9.94206 
9.94259 
9.94252 
9.94245 
9.94238 
9.94 231 
9.94224 
9.94 217 
9.94 210 
9.94203 
9.94196 
9.94 189 
9.94 182 

6 

7 

7 

6 

7 

7 

7 

6 

7 

7 

7 

6 

7 

7 

7 

7 

6 

7 

7 

7 

7 

6 

7 

7 

7 

7 

7 

6 

7 

7 

7 

7 

7 

7 

7 

6 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

6 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

60 

59 

58 

57 

56 

55 

54 

53 

52 

51 

50 

49 

48 

47 

46 

45 

44 

43 

42 

41 

40 

39 

38 

37 

36 

35 

34 

33 

32 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

31 30 

2 6.2 6.0 

3 9.3 9.0 

4 12.4 12.0 

5 15.5 15.0 

G 18.6 18.0 

7 21.7 21.0 

8 24.8 21.0 

9 27.9 27.0 

29 24 

2 5.8 4.8 

3 8.7 7.2 

4 11.6 9.0 

5 J4.5 12.0 

6 17.4 11.4 

7 20.3 1G.8 

8 23.2 19.2 

9 26.1 21.6 

23 2 2 

2 4.6 4.4 

3 6.9 6.6 

4 9.2 8.8 

5 11.5 11.0 

6 13.8 13.2 

7 16.1 15.4 

8 18.4 17.6 

9 20.7 19.8 

7 6 

2 1.4 1.2 

3 2.1 1.8 

4 2.8 2.4 

5 3.5 3.0 

6 4.2 3.6 

7 4.9 4.2 

8 5.6 4.8 

9 6.3 5.4 

From the top: 

For 28° + or208 o+ , 
read as printed; for 
118° + or298° + , read 
co-function. 

From the bottom: 
For 61° + or 241 OJ , 
read as printed; for 
151°+or 331°+read 
co-function. 

■ 

L Cos" 

d 

LCtn 

cd 

LTan 

LSin 

7 

/ 

Prop. Pts. 


61° — Logarithms of Trigonometric Functions 
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o 

1 

2 

3 

4 

5 

0 

7 

8 
9 

10 

11 

12 

13 

14 

15 

10 

17 

18 

19 

20 
21 
22 

23 

24 


25 

20 

27 



31 

32 

33 

34 


35 

36 

37 

38 

39 


t'M 


41 

42 

43 

44 

45 

46 

47 

48 

49 


IJJ 


51 

52 

53 

54 

55 

56 

57 

58 

59 


L Sin 

d 

L Tan 

cd 

L Ctn 

L Cos 

dl 

1 

Prop. Pts. 

9.68 557 
9.68 580 
9.68 603 
9.68 625 
9.68 648 
9.68 671 
9.68 691 
9.68 716 
9.68 739 
9.68 762 
9.6S 784 
9.68 807 
9.6S 829 
9.68 852 
9.68 875 
9.68 897 
9.68 920 
9.68 942 
9.68 965 

9.68 987 

9.69 010 
9.69 032 
9.69 055 
9.69 077 
9.69 100 
9.69 122 
9.69 144 
9.69 167 
9.69 189 
9.09 212 
9.69 234 
9.69 256 
9.69 279 
9.69 301 
9.69 323 
9.69 345 
9.69 368 
9.09 390 
9.69 412 
9.69 434 
9.69 456 
9.69 479 
9.09 501 
9.69 523 
9.69 545 
9.69 567 
9.69 589 
9.69 611! 
9.69 633 
9.69 655 
9.69 677 
9.69 699 
9.69 721 
9.69 743 
9.69 765 
9.69 787 
9.69 809 
9.69 831 
9.69 853 
9.69 875 
169 897 

L Cos 

23 

23 

22 

23 

23 

23 

22 

23 

23 

22 

23 

22 

23 

23 

22 

23 
•> > 

23 

22 

23 

22 

23 

22 

23 

22 

22 

23 

22 

23 

22 

22 

23 

22 

22 

22 

23 

22 

22 

22 

22 

23 

22 

22 

22 

22 

22 

22 

22 

22 

22 

22 

22 

22 

22 

22 

22 

22 

22 

22 

22 

9.74 375 
9.74 405 
9.74 435 
9.74 465 
9.74 494 
9.74 524 
9.74 554 
9.74 5S3 
9.74 613 
9.74 643 
9.74 673 
9.74 702 
9.74 732 
9.74 762 
9.74 791 
9.74 821 
9.74 851 
9.74 880 
9.71910 
9.74 939 
9.74 969 

9.74 998 

9.75 028 
9.75 058 
9.75 087 
9.75 117 
9.75 146 
9.75 176 
9.75 205 
9.75 235 
9.75 264 
9.75 294 
9.75 323 
9.75 353 
9.75 382 
9.75 411 
9.75 441 
9.75 470 
9.75 500 
9.75 529 
9.75 558 
9.75 588 
9.75 617 
9.75 647 
9.75 676 
9.75 705 
9.75 735 
9.75 764 
9.75 793 
9.75 822 
9.75 852 
9.75 881 
9.75 910 
9.75 939 
9.75 909 

9.75 998 

9.76 027 
9.76 056 
9.76 086 
9.76 115 
9.76 144 

30 

30 

30 

2J 

30 

30 

20 

30 

30 

30 

29 

30 
30 

29 

30 

30 

29 

30 

29 

30 

29 

30 
30 

29 

30 

29 

30 

29 

30 
20 

30 

29 

30 
29 

29 

30 

29 

30 
29 

29 

30 

29 

30 
29 

29 

30 
29 
29 

29 

30 

29 

29 

29 

30 
29 

29 

29 

30 
29 
29 

10.25 625 
10.25 505 
10.25 565 
10.25 535 
10.25 506 
10.25 476 
10.25 446 
10.25 417 
10.25 387 
10.25 357 
10.25 327 
10.25 208 
10.25 26S 
10.25 238 
10.25 200 
10.25 170 
10.25 140 
10.25 120 
10.25 000 
10.25 061 
10.25 031 
10.25002 
10.24 072 
10.24 942 
10.24 913 
10.24 883 
10.21 S54 
10.24 824 
10.24 705 
10.24 765 
10.24 736 
10.24 706 
10.24 677 
10.24 647 
10.24 618 
10.24 580 
10.24559 
10.24 530 
10.24500 
10.24471 
10.24442 
10.21412 
10.24383 
10.24353 
10.24324 
10.24295 
10.24265 
10.24236 
10.24207 
10.24178 
10.24148 
10.24119 
10.24090 
10.24001 
10.24031 
10.24 002 
10.23973 
10.23 944 
10.23914 
10.23 885 
10.23 856 

9.94 182 
9.94 175 
9.94 168 
0.94 161 
0.04 154 
9.04 147 
9.94 1*10 
9.94 133 
9.94 126 
9.94119 
9.94112 
9.94105 
9.91098 
9.94 090 
9.04 083 
9.04 076 
9.9 4 069 
0.94 062 
9.0 4 055 
9.04 0-48 
9.94 041 
9.94 034 
9.94 027 
9.94 020 
9.94 012 
9.94 005 
9.03 908 
9.93 991 
9.93 984 
9.93 977 
9.93 970 
9.93 963 
9.93 955 
9.93 948 
9.93 941 
9.93 934 
9.93 927 
9.93 920 
9.93 912 
9.93 905 
9.93 898 
9.93 891 
9.93 884 
9.93 876 
9.93 869 
9.93 862 
9.93 855 
9.93 847 
9.93 840 
9.93 833 
9.93 826 
9.93 819 
9.93 811 
9.03 804 
9.93 797 
9.93 789 
9.93 782 
9.93 775 
9.93 768 
9.93 760 
9.93 753 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

8 

7 

7 

7 

7 

7 

7 

7 

7 

7 

8 

7 

7 

7 

7 

7 

7 

7 

8 

7 

7 

7 

7 

7 

8 
7 

7 

7 

7 

8 
7 
7 

7 

8 
7 
7 
7 

7 

8 
7 

7 

8 

7 

7 

7 

8 
7 

60 

5 

57 
56 
55 
5 4 
53 
52 
51 
50 
49 

45 
47 

46 
45 
44 
43 
42 
41 

40 

39 

38 

37 

36 

35 

31 
33 

32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
10 
15 
14 
13 
12 
11 
10 

9 

8 

7 

6 
5 
4 
3 
2 
1 
0 

30 29 

2 6.0 5.8 

3 9.0 S.7 

4 12.1) 11.6 

5 15.0 14.5 

6 18.0 17.4 

7 21.0 20.3 

8 24.0 25.2 

9 27.0120.1 

23 22 

2 4.6 4.4 

3 »>.9 6.6 

ri *).2 8.s 

5 11.5 11.0 

6 13.8 15.2 

7 16.1 15.4 

8 18.4 17.6 

9 20.7 19.8 

8 7 

2 1.6 1.4 

3 2.4 2.1 

4 3.2 2.8 

5 4.0 3.5 

6 4.8 4.2 

7 5.6 4.9 

8 0.4 5.6 

9 7.2 6.3 

From the top: 

For 29° + or209° + r 
read as printed; for 
119°+ or 299°+ read 
co-function. 

From the bottom: 
For 60° + or240®+, 
read as printed; for 
150° + or330 o+ , read 
co-function. 

"d” 

LCtn 

7d 

LTan LSin 

T 

P Prop. Pte. 


60°_ Logarithms of Trigonometric Functions 



feSfegfe ggssss ggggg gssgg ssssa gssss 


30°—Logarithms of Trigonometric Functions 

LSin Id L Tan |cd| L Ctn | L Cos |d| | Proi 


9.69 897 
9.69 919 
9.69 941 
9.69 963 

9.69 984 

9.70 006 
9.70 028 
9.70 050 
9.70 072 
9.70 093 
9.70 115 
9.70137 
9.70 159 
9.70 180 
9.70 202 
9.70 224 
9.70 245 
9.70267 
9.70 288 
9.70 310 
9.70 332 
9.70 353 
9.70375 
9.70 396 
9.70 418 
9.70439 
9.70 461 
9.70 482 
9.70 504 
9.70 525 
9.70 547 
9.70 568 
9.70 590 
9.70 611 
9.70 633 
9.70 654 
9.70 675 
9.70 697 
9.70 718 
9.70 739 
9.70 761 
9.70 782 
9.70 803 
9.70 824 
9.70 846 

45 9.70 867 

1 9.70 888 
9.70 909 
9.70 931 
9.70 952 

IVI 9.70 973 
& 9.70 994 
& 9.71015 
& 9.71036 
g1 9*71 058 
I?1 9.71 079 
Ea 9.71100 
El 9.71121 
Ea 9.71142 
Ej 9.71163 
I?] 9.71 184 
I L Cos 


00 9.76144 
2 9.76173 
2 9.76 202 
2 9.76 231 
S 9.76 201 
oo 9.76 290 
2 9.76 319 
2 9.76 348 
JJ 9.76 377 
2J 9.76 406 
£ 9.76 435 
2 9.76 464 
2J 9.76 493 
2J 9.76 522 
22 9.76 551 
* 9.76 580 
2J 9.76 609 
2f 9.76 639 

21 9.76 668 

22 9.76 697 
£ 9.76 725 

9.76 754 
2? 9.76 783 

21 9.76 812 

22 9.76 841 

22 9.76 870 
2 9.76 899 

21 9.76 928 

22 9.76 957 

21 9.76 986 
£ 9.77 015 

9.77 044 

22 9.77 073 

21 9.77 101 

22 9.77 130 

" 9.77159 

21 9.77 188 

22 9.77 217 
21 9.77 246 
21 9.77 274 

Z: 9.77 303 
21 9.77 332 
21 9.77 361 

21 9.77 390 

22 9.77 418 

I! 9.77447 
21 9.77 476 
21 9.77 505 
2? 9.77 533 
21 9.77 562 
" 9.77 591 
21 9.77 619 
21 9.77 648 

21 9.77 677 

22 9.77 706 

i] 9.77 734 
21 9.77 763 
2} 9.77 791 
21 9.77 820 
21 9.77 849 
9.77 877 
d | L Ctn 


10.23 856 9.93753 „ < 
£ 10.23 827 9.93 746 ' J 

5 10.23798 9.93738 ° J 

£ 10.23769 9.93731 ' J 

10.23739 9.93 724 * * 

Z 10.23 710 9.93 717 l i 

£ 10.23 681 9.93 709 ® 

£ 10.23 652 9.93 702 7 
£ 10.23 623 9.93 695 ' 

J® 10.23 594 9.93 687 ° 

£ 10.23 565 9.93 680 , 

£ 10.23 536 9.93 673 J 
£ 10.23 507 9.93 665 * 

£ 10.23 478 9.93 658 1 
£ 10.23 449 9.93 650 ® 

£ 10.23 420 9.93 643 * 

£ 10.23 391 9.93 636 ' 

£ 10.23 361 9.93 628 ® 

£ 10.23 332 9.93 621 1 

10.23 303 9.93 614 ' 

£ 10.23 275 9.93 606 * 

£ 10.23 246 9.93 599 J 
£ 10.23 217 9.93 591 ® 

£ 10.23 188 9.93 584 J 
2® 10.23 159 9.93 577 ' 

£ 10.23130 9.93 569 1 I 

£ 10.23 101 9.93 562 J 
£ 10.23 072 9.93 554 ® 
£ 10.23 043 9.93 547 1 
J® 10.23 014 9.93 539 ® 
Z 10.22 985 9.93 532 _ I 
£ 10.22 956 9.93 525 ' 

£ 10.22 927 9.93 517 ® 
£ 10.22 899 9.93 510 * 

2® 10.22 870 9.93 502 ® 
Z 10.22 841 9.93 495 1 
£ 10.22 812 9.93 487 ® 
£ 10.22 783 9.93 480 1 
£ 10.22 754 9.93 472 ® 
28 10.22 726 9.93465 7 
£ 10.22 697 9.93457 Z 
£ 10.22 668 9.93 450 7 
£ 10.22 639 9.93442 ® 
£ 10.22 610 9.93435 ' 
£ 10.22 582 9.93427 ® 
Z 10.22553 9.93420 l 
£ 10.22524 9.93412 ® 
£ 10.22495 9.93405 7 
£ 10.22467 9.93397 ® 
2® 10.22438 9.93 390 ' 
£ 10.22409 9.93382 

£ 10.22381 9.93 375 7 
£ 10.22352 9.93367 ® 
£ 10.22323 9.93 360 7 
2® 10.22294 9.93352 ® 
Z 10.22266 9.93344 „ 
£ 10.22237 9.93337 7 
£ 10.22209 9.93329 ® 
£ 10.22180 9.93 322 ' 
2® 10.22151 9.93314 ® 
10.22123 1 9.93307 _ 
cd LTan LSin d 


1 Prop. Pts. 1 


30 

29 

2 

6.0 

5.8 

3 

9.0 

8.7 

4 

12.0 

11.6 

5 

15.0 

14.5 

6 

18.0 

17.4 

7 

21.0 

20.3 

8 

24.0 

23.2 

9 

27.0 

26.1 


28 

22 

2 

5.6 

4.4 

3 

8.4 

6.6 

4 

11.2 

8.8 

5 

14.0 

11.0 

6 

16.8 

13.2 

7 

19.6 

15.4 

8 

22.4 

17.6 

9 

25.2 

19.8 


21 8 

2 4.2 1.6 

3 6.3 2.4 

4 8.4 3.2 

5 10.5 4.0 

6 12.6 4.8 

7 14.7 5.6 

8 16.8 6.4 

9 18.9 7.2 


From the top: 

For 30°+or 210°+ 
read as printed; for 
120 o+ or300° + , read 
co-function. 

From the bottom: 

For 69°+ or239°+ 
read as printed; for 
149° + or329° + , read 
co-function. 


Prop. Pte. 


59° — Logarithms of Trigonometric Functions 




i 


,»>»T»i»rOtFci 


0 9.71184 

1 9.71205 

2 9.71226 

3 9.71247 

4 9.71268 

5 9.71289 

6 9.71310 

7 9.71331 

8 9.71352 

9 9.71373 

10 9.71393 

11 9 71414 

12 9.71435 

13 9.71456 

14 9.71477 

15 9.71498 Z: 

16 9.71519 21 

17 9.71539 20 

18 9.71560 21 

19 9.71581 2} 

20 9.71602 

21 9.71622 20 

22 9.71643 JJ 

23 9.71664 21 

24 9.71 685 21 

25 9.71705 „ 

26 9.71726 21 

27 9 71747 JJ 

28 9.71767 20 

29 9.71788 21 

30 9.71809 " 

31 9.71829 20 

32 9.71850 21 

33 9.71870 20 

34 9.71891 21 

35 9.71911 " 

36 9.71932 JJ 

37 9.71952 JO 

38 9.71973 JJ 

39 9.71994 JJ 

40 9.72 014 " 

41 9.72 034 JO 

42 9.72 055 *1 

43 9.72 075 J® 

44 9.72 096 |1 

45 9.72116 ot 

46 9.72137 JJ 

47 9.72 157 JO 

48 9.72177 J® 

49 9.72198 JJ 

60 9.72 218 ” 

51 9.72 238 J® 

52 9.72 259 JJ 

53 9.72 279 J? 

54 9.72 299 f 
65 9.72 320 „ 

56 9.72 340 J® 

57 9.72 360 J? 

58 9.72 381 “A 

59 9.72 401 J® 

60 9.72 421 ~ 

I L Cos d I 


9.77 877 _ 
9.77 906 J® 
9.77 935 J® 
9.77 963 J? 

9.77 992 J® 

9.78 020 
9.78 0-19 J® 
9.78 077 Jf 
9.78106 J9 
9.78135 J® 
9.78163 r? 
9.78192 J® 
9.78 220 JS 
9.78 249 JJ 
9.78 277 JJ 
9.78 306 
9.78 334 JJ 
9.78 363 J® 
9.78 391 
9.78 419 
9.78 448 " 
9.78 476 JJ 
9.78 505 2 ® 
9.78 533 Jf 
9.78 562 JO 
9.78 590 " 
9.78 618 JJ 
9.78 647 J® 
9.78 675 Jf 
9.78 704 JO 
9.78 732 
9.78 760 JJ 
9.78 789 J® 
9.78 817 JJ 
9.78 845 28 

9.78 874 
9.78 902 Jf 
9.78 930 Jf 
9.78 959 J® 

9.78 987 J? 

9.79 015 

9 79 043 Jf 
9.79 072 JJ 
9.79100 Jf 
9.79128 JS 
9.79156 IT 
9.79185 J® 
9.79 213 Jf 
9.79 241 J? 
9.79 269 Jf 
9.79 297 0Q 
9.79 326 J® 
9.79 354 Jf 
9.79 382 Jf 
9.79 410 g 
9.79 438 
9.79 466 Jf 
9.79 495 J? 
9.79 523 Jf 
9.79 551 28 

9.79 579 


I L Ctn |_cdj_ 


10.22 123 
10.22 094 
10.22065 
10.22037 
10.22008 
10.21 980 
10.21 951 
10.21 923 
10.21894 
10.21 865 
10.21 837 
10.21 SOS 
10.21780 
10.21 751 
10.21723 
10.21 G04 
10.21 666 
30.21637 
10.21609 
10.21 5S1 
10.21552 
10.21 524 
10.21495 
10.21467 
10.21438 
10.21 410 
10.21 382 
10.21353 
10.21325 
10.21 296 
10.21 268 
10.21210 
10.21211 
10.21 183 
10.21155 
10.21126 
10.21 098 
10.21070 
10.21 041 
10.21 013 
10.20985 
10.20957 
10.20928 
10.20900 
10.20872 
10.20844 
10.20 815 
10.20787 
10.20759 
10.20731 
10.20703 
10.20674 
10.20646 
10.20618 
10.20590 
10.20562 
10.20534 
10.20505 
10.20477 
10.20449 


9.93 307 
9.93 299 
9.93 291 
9.93 2S4 
9.93276 
9.93 269 
9.93261 
9.93253 
9.93 246 
9.93 238 
9.93 230 
9.93 223 
9.93215 
9.93 207 
9.93 200 
9.93 192 
9.93 1S4 
9.93 177 1 
9.93 169 
9.93 161 
9.93 154 
9.93 116 
9.93 138 
9.93 131 
9.93 123 
9.03115 
9.93 108 
9.93 100 
9.93 092 
9.93 084 
9.93 077 
9.93 069 
9.93 061 
9.93 053 
9.93 046 
9.93 038 
9.93 030 
9.93022 
9.93 014 
9.93 007 
9.92999 
9.92 991 
9.92 983 
9.92 976 
9.92 9G8 
9.92960 
9.92 952 
9.92 944 
9.02 936 
9.92929 
9.92921 
9.92913 
9.92 905 
9.92 897 
9.92 889 
9.92 881 
9.92 874 
9.92 866 
9.92858 
9.92850 



10.20421 9.92842 


L Tan 1 LSin |d| 


58° — Logarithms of Trigonometric 


4 3.2 2.8 

5 4.0 3.5 

6 4.8 4.2 

7 5.6 4.9 

8 6.4 5.6 

9 7.2 6.3 


18 From the top: 

\l For 31° + or 211°+,. 

15 read as printed; for 
14 121°+or 301°+read 
co-function. 

11 „ 

IQ From the bottom: 

0 For58 0f or238° + , 
** read as printed; for 

148° + or323°+read 
co-function. 


' I Prop. Pts. 

Functions 
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78 32° — Logarithms of Trigonometric Functions [m 


L Sin I d I L Tan | cd 

9J2 421 
9.72 441 
9.72 461 
9.72 482 
9.72 602 
9.72 622 
9.72 542 
9.72 562 
9.72 582 
9.72 602 
9.72 622 
9.72 643 
9.72 663 
9.72 683 
9.72 703 
9.72 723 
9.72 743 
9.72 763 
9.72 783 
9.72 803 
9.72 823 
9.72 843 
9.72 863 
9.72 883 
9.72 902 


50 

51 

52 

53 

54 
65 


9.72 922 
9.72 942 
9.72 962 

9.72 982 

9.73 002 
9.73 022 
9.73 041 
9.73 061 
9.73 081 
9.73 101 
9.73 121 
9.73 140 
9.73 160 
9.73 180 
9.73 200 
9.73 219 
9.73 239 
9.73 259 
9.73 278 
9.73 298 
9.73 318 
9.73 337 
9.73 357 
9.73 377 
9.73 396 
9.73 416 
9.73 435 
9.73 455 
9.73 474 
9.73 494 
9.73 513 
9.73 533 
9.73 552 
9.73 572 
9.73 591 
9.73 611 


9.79 579 
9.79 607 
9.79 635 
9.79 663 
9.79 691 
9.79 719 
9.79 747 
9.79 776 
9.79 804 
9.79 832 
9.79 860 
9.79 888 
9.79 916 
9.79 944 

9.79 972 

9.80 000 
9.80 028 
9.80 056 
9.80 084 
9.80 112 
9.80 140 
9.80 168 
9.80 195 
9.80 223 
9.80 251 
9.80 279 
9.80 307 
9.80 335 
9.80 3G3 
9.80 391 
9.80 419 
9.80 447 
9.80 474 
9.80 502 
9.80 530 
9.80 558 
9.80 586 
9.80 614 
9.80 642 
9.80 669 
9.80 697 
9.80 725 
9.80 753 
9.80 781 
9.80 808 
9.80 836 
9.80 864 
9.80 892 
9.80 919 
9.80 947 

9.80 975 

9.81 003 
9.81 030 
9.81 058 
9.81 086 
9.81 113 
9.81 141 
9.81 169 
9.81 196 
9.81 224 
9.81 252 


L Ctn I L Cos I d 


10.20421 
10.20 393 
10.20365 
10.20 337 
10.20 309 
10.20 281 
10.20 253 
10.20 224 
10.20 196 
10.20 168 
10.20 140 
10.20112 
10.20 084 
10.20 056 
10.20 028 
10.20 000 
10.19 972 
10.19 944 
10.19 916 
10.19 888 
10.19 860 
10.19 832 
10.19 805 
10.19 777 
10.19 749 
10.19 721 
10.19 693 
10.19 665 
10.19 637 
10.19 609 
10.19 581 
10.19 553 
10.19 526 
10.19 498 
10.19 470 
10.19 442 
10.19 414 
10.19 386 
10.19 358 
10.19 331 
10.19 303 
10.19 275 
10.19 247 
10.19 219 
10.19 192 
10.19 164 
10.19 136 
10.19 108 
10.19 081 
10.19 053 
10.19 025 
10.18 997 
10.18 970 
10.18 942 
10.18 914 
10.18 887 
10.18 859 
10.18 831 
10.18 804 
10.18776 
10.18748 


9.92 842 
9.92 834 
9.92 826 
9.92 818 
9.92 810 
9.92 803 
9.92 795 
9.92 787 
9.92 779 
9.92 771 
9.92 763 
9.92 755 
9.92 747 
9.92 739 
9.92 731 
9.92 723 
9.92 715 
9.92 707 
9.92 699 
9.92 691 
9.92 683 
9.92 675 
9.92 667 
9.92 659 
9.92 651 
9.92 643 
9.92 635 
9.92 627 
9.92 619 
9.92 611 
9.92 603 
9.92 595 
9.92 587 
9.92 579 
9.92 571 
9.92 563 
9.92 555 
9.92 546 
9.92 538 
9.92 530 
9.92 522 
9.92 514 
9.92 506 
9.92 498 
9.92 490 
9.92 482 
9.92473 
9.92 465 
9.92 457 
9.92 449 
9.92 441 
9.92 433 
9.92 425 
9.92416 
9.92 408 
9.92 400 
9.92 392 
9.92 384 
9.92 376 
9.92 3G7 
9.92 359 



29 

1 28 

2 

5.8 

1 5.6 

3 

8.7 

8.4 

4 

11.6 

11.2 

5 

14.5 

14.0 

6 

17.4 

16.8 

7 

20.3 

19.6 

8 

23.2 

22.4 

9 

26.1 

25.2 


27 

21 

2 

5.4 

4.2 

3 

8.1 

6.3 

4 

10.8 

8.4 

5 

13.5 

10.5 

6 

16.2 

12.6 

7 

18.9 

14.7 

8 

21.6 

16.8 

9 

24.3 

18.9 


20 

19 

2 

4.0 

3.8 

3 

6.0 

5.7 

4 

8.0 

7.6 

5 

10.0 

9.5 

6 

12.0 

11.4 

7 

14.0 

13.3 

8 

16.0 

15.2 

9 

18.0 

17.1 



9 

8 

2 

1.8 

1.6 

3 

2.7 

2.4 

4 

3.6 

3.2 

5 

4.5 

4.0 

6 

5.4 

4.8 

7 

6.3 

5.6 

8 

7.2 

6.4 

9 

8.1 

7.2 


7 

1.4 
2.1 
2.8 

3.5 

4.2 
4.9 

5.6 

6.3 


From the top: 

For 32° + or 212° + t 
read as printed; for 
122° + or 302 o+ f read 
co-function. 

From the bottom: 

For 57° + or237° + , 
read as printed; for I 
147°+ or327°+ read" 
co-function. 





0 

1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 


[logarithms of Trigonometric 

aaim'L Ctn | rang 


Functions 


.81 252 
.81 279 
.81 307 
.81 335 
.81 362 
.81 390 
.81 418 
.81445 
.81 473 
.81 500 
.81 528 
.81 556 
.81 583 
.81 611 
.81 638 
.81 666 
.81 693 
.81 721 
.81 748 
.81 776 
.81 803 
.81 831 
.81 858 
>.81 886 
.81 913 
>.81 941 

1.81 9G8 
>.81 996 
>.82 023 
>.82 051 
>.82 078 
>.82 106 
>.S2 133 
>.82 161 
>.82 188 
>.82 215 
>.82 243 
>.82 270 
>.82 298 
>.82 325 
>.82 352 
>.82 380 
>.82 407 
>.82 435 
>.82462 
>.82 489 
>.82 517 
>.82 544 
).82 571 
).82 599 
J.82 626 
J.82 653 

3.82 681 
3.82 708 
3.82 735 
3.82762 
3 82 790 

3.82 817 

9.82 844 
9.82 871 
9.82 899 


27 


27 


10.18748 

10.18 721 

10.18693 

10.18665 

10.18 638 

10.18610 

10.18582 

10.18555 

10.18527 

10.18500 

10.18472 

10.18444 

10.18417 

10.18389 

10.18362 

10.18334 

10.18307 

10.18279 

10.18252 

10.18224 

10.18197 

10.18169 

10.18 142 

10.18114 

10.18087 

10.18059 

10.18032 

10.18004 

10.17 977 

10.17 949 

10.17922 

10.17 894 

10.17 867 

10.17839 

10.17812 

10.17785 

10.17 757 

10.17730 

10.17702 

10.17675 

10.17648 

10.17 620 

10.17593 

10.17565 

10.17538 

10.17511 

10.17483 

10.17456 

10.17429 

10.17401 

10.17374 

10.17347 

10.17319 

10.17292 

10.17265 

10.17238 

10.17210 

10.17183 

10.17156 

10.17 129 


9.92359 
9.92351 
9.92343 

9.92 335 

9.92 326 

9.92 318 

9.92 310 

9.92 302 
9.92293 

9.92 285 
9.92277 

9.92 209 
9.92200 
9.92252 

9.92 244 
9.92235 
9.92227 
9.92219 

9.92 211 

9.92 202 

9.92 194 

9.92 186 
9.92177 
9.92169 

9.92 161 

9.92 152 
9.92144 
9.92136 
9.92127 
9.92119 

9.92 111 

9.92 102 
9.92094 
9.92086 

9.92 077 
9.92069 
9.92000 
9.92052 
9.92044 
9.92035 
9.92027 

9.92 018 

9.92 010 
9.92002 
| 9.91993 
9.91985 
9.91970 
9.91968 
9.91959 
9.91951 
9.91942 
9.91934 
9.91925 
9.91917 
9.91908 
9.91900 
9.91891 
9.91883 
9.91874 
9.91866 
9.91 857 


Prop. Pts. 


28 27 

2 5.6 5.4 

3 8.4 8.1 

4 11.2 10.8 

5 14.0 13.5 

6 16.8 16.2 

7 19.6 1S.9 

8 22.4 21.6 

9 25.2 24.3 

20 19 

2 4.0 3.8 

3 6.0 5.7 

4 8.0 7.6 

5 10.0 9.5 

6 12 0 11.4 

7 11.0 13.3 

8 10.0 15.2 

9 I i.8.0 17.1 

18 9 

2 3.6 1.8 

3 5.4 2.7 

4 7.2 3.6 

5 9.0 4.5 

6 10.8 5.4 

7 12.6 6.3 

8 14.4 7.2 

9 16.2 8.1 


From the top: 

For 33 0+ or 213 0+ t 
read as printed; for 
123° + or303 o+ , read 
co-function. 

From the bottom: . 

For56 0+ or236° + , J 

read as printed; for 
148°+or328°+, read 
co-function. 


10.17101 EEE3UME1_ 

r i?im L Tan ■ 1-i refi ll Prop. Pte. 

nga rithma of Trigonometric Functions 
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34° — Logarithms of Trigonometric Functions 


LSin | d LTan |cd 


9.74 756 
9.74 775 
9.74794 
9.74 812 
9.74 831 
9.74 850 
9.74 868 
9.74 887 
9.74 906 
9.74 924 
9.74 943 
9.74 961 
9.74 980 

9.74 999 

9.75 017 
9.75 036 
9.75 054 
9.75 073 
9.75 091 
9.75 110 
9.75 128 
9.75 147 
9.75 1G5 
9.75 184 
9.75 202 
9.75 221 
9.75 239 
9.75 258 
9.75 276 
9.75 294 
9.75 313 
9.75 331 
9.75 350 
9.75 3G8 
9.75 38G 
9.75 405 
9.75 423 
9.75 441 
9.75 459 
9.75 478 
9.75 496 
9.75 514 
9.75 533 
9.75 551 
9.75 569 
9.75 587 
9.75 605 
9.75 624 
9.75 642 
9.75 GG0 
9.75 678 
9.75 696 
9.75 714 
9.75 733 
9.75 751 
9.75 769 
9.75 787 
9.75 805 
9.75 823 
9.75 841 
9.75 859 


9.82 899 
9.82 926 
9.82 953 

9.82 980 

9.83 008 
9.83 035 
9.83 0G2 
9.83 089 
9.83 117 
9.83 144 
9.83 171 
9.83 198 
9.83 225 
9.83 252 
9.83 280 
9.83 307 
9.83 334 
9.83 3G1 
9.83 388 
9.83 415 
9.83 442 
9.83 470 
9.83 497 
9.83 524 
9.83 551 
9.83 578 
9.83 G05 
9.83 632 
9.83 659 
9.83 6SG 
9.83 713 
9.83 710 
9.83 708 
9.83 795 
9.83 822 
9.83 849 
9.83 876 
9.83 903 
9.83 930 
9.83 957 

9.83 984 

9.84 011 
9.84 03S 
9.81 0u5 
9.84 092 
9.84 119 
9.84 14G 
9.84 173 
9.84 200 
9.84 227 

9.84 254 

9.84 280 

9.84 307 
9.84 334 
9.84 3G1 
9.84 388 
9.84 415 
9.84 442 
9.84 469 
9.84 496 
9.S4 523 


LCtn 


10.17101 
10.17074 
10.17047 
10.17020 
10.16992 
10.16965 
10.16938 
10.16911 
10.16 883 
10.16 856 
10.16 829 
10.16 802 
10.16 775 
10.1G748 
10.16720 
10.16 693 
10.16 6GG 
10.16 639 
10.16 612 
10.16 585 
10.16558 
10.16530 
10.16503 
10.16476 
10.16 449 
10.16422 
10.16 395 
10.16 368 
10.16 341 
10.16 314 
10.16 287 
10.16 260 
10.16 232 
10.16205 
10.16 178 
10.16151 
10.16121 
10.1G097 
10.1G 070 
10.16 043 
10.16 016 
10.15 989 
10.15 962 
10.15 935 
10.15 908 
10.15 881 
10.15 854 
10.15 827 
10.15 800 
10.15 773 
10.15 746 
10.15 720 
10.15 693 
10.15 666 
10.15 639 
10.15 612 
10.15 585 
10.15558 
10.15 531 
10.15 504 
10.15 477 


L Cos id LCtn Icdl L Tan J L Sin id]{ Prop. Pis. 


L Cos 


9.91857 
9.91849 
9.91840 
9.91832 
9.91823 
9.91815 
9.91806 
9.91798 
9.91789 
9.91781 
9.91772 
9.917G3 
9.91755 
9.91746 
9.91738 
9.91729 
9.91720 
9.91712 
9.91703 
9.91 695 
9.91686 
9.91677 
9.916G9 
9.91 660 
9.91651 
9.91643 
9.91634 
9.91625 
9.91617 
9.91 G08 
9.91599 
9.91591 
9.91582 
9.91573 
9.91565 
9.91556 
9.91547 
9.91538 
9.91530 
9.91 521 
9.91512 
9.91504 
9.91495 
9.91486 
9.91477 
9.91469 
9.91460 
9.91451 
9.91442 
9.91433 
9.91 425 
9.91416 
9.91407 
9.91398 
9.91389 
9.91381 
9.91372 
9.91363 
9.91354 
9.91345 
9 91336 



28 

27 

2 

5.6 

5.4 

3 

8.4 

8.1 

4 

11.2 

10.8 

5 

14.0 

13.5 

6 

16.8 

16.2 

7 

19.6 

18.9 

8 

22.4 

21.6 

9 

25.2 

24.3 


26 

1 19 

2 

5.2 

! 3.8 

3 

7.8 

5.7 

4 

10.4 

7.6 

5 

13.0 

9.5 

C 

15.0 

11.4 

7 

18.2 

13.3 

8 

20.8 

15.2 

9 

23.4 

17.1 


18 

9 

2 

3.6 

1.8 

3 

5.4 

2.7 

4 

7.2 

3.6 

5 

9.0 

4.5 

6 

10.8 

5.4 

7 

12.6 

6.3 

8 

14.4 

7.2 

9 

16.2 

8.1 


8 

1.6 

2.4 

3.2 
4.0 
4.8 
5.6 

6.4 

7.2 


From the top: 

For 34°+or 214°+ 
read as printed; for 
124°+ or304 o+ , read 
co-function. 

From the bottom: 

For 66°+or 236°+ 
read as printed; for 
145° + or325° + , read 
co-function. 


55° — Logarithms of Trigonometric Functions 



Ill] 35° — Logarithms of Trigonometric Functions 


81 


in 

LSin | 

m 



L Ctn 1 

L Cos 

m 

■i 



o 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

1G 

17 

18 
19 

120 

21 

22 

23 

21 

25 

2(i 

27 

28 

29 

30 

31 
3_ 

33 

34 

35 

30 

37 

38 

39 

40 

41 

42 

43 

44 

45 
40 
47 


48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 
159 
60 


9.75 859 
9.75 877 
9.75 895 
9.75913 
9.75 931 
9.75 949 
9.75 9G7 

9.75 985 

9.76 003 
9.76021 
9.76039 
9.76057 
9.76 075 
9.76093 
9.76111 
9.76129 
9.76 146 
9.76 164 
9.76 1S2 
9.76200 
9.70218 
9.76 236 
9.76 253 
9.76 271 
9.76 289 
9.76307 
9.76321 
9.76 342 
9.70 360 
9.76 378 
9.76395 
9.76413 
9.76431 
9.76 41S 
9.76466 
9.76484 
9.76 501 
9.76519 
9.76 537 
9.76554 
9.76572 
9.76530 
9.76 607 
9.76 625 
9.76642 
9.76 660 
9.76677 
9.76 695 
9.76712 
9.76730 
9.76747 
9.76765 
9.76782 
9.70800 
9.76817 
9.76835 
9.76852 
9.76870 
9.76887 
[9.76904 
9.76922 

L Cos 


18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

IS 

IS 

18 

18 

17 
13 
IS 

18 
IS 
18 

17 
IS 

18 
18 

17 

18 
IS 
IS 

17 

18 
18 
17 
IS 
IS 

17 
IS 

18 

17 

18 

18 

17 

IS 

17 

IS 

17 

18 

17 

18 

17 

18 

17 

18 

17 

18 
17 
IS 
17 

17 

18 


9.84523 
9.84550 
9.84 576 
9.84603 
9.84630 
9.84 657 
9.84 684 
9.84 711 

9.84 738 
9.84704 
9.84791 
9.81818 
9.84815 
9.Si 872 
9.84899 
9.84925 
9.81952 
9.84979 

9.85 006 
9.85 033 
9.85059 
9.85 086 
9.85 113 
9.85110 
9.85 106 
9.85 193 
9.85 220 
9.85 217 
9.85 273 
9.85 300 
9.85327 
9.85 351 
9 85 380 
9.85 407 
9.85431 
9.85400 
9.85487 
9.855111 
9.85 5 * 0 
9.85 507 
9.85591 
9.85 620 
9.85 617 
9.85 074 
9.85700 
9.85 727 
9.85 751 
9.85 780 
9 85 807 
9.85 834 
9 85 860 
9.85 8S7 
9.85 913 
9.85940 
9.85907 
9.85 993 
9.86020 
9.86016 
9.86073 
9.86100 
9.86126 


26 

27 

27 

27 

26 

27 

27 

27 

26 

27 

27 

27 

26 

27 

27 

26 

27 

27 

20 

‘27 

27 

26 

27 

27 

26 

27 

27 

26 

27 

27 

26 

27 

26 

27 

27 

26 

27 

26 

27 

27 

26 


60 

59 

58 

57 

56 

55 

541 

53 

52 

51 

50 

49 

48 

47 

46 

45 

41 
43 

42 
41 
40 
39 
38 
37 
36 


54°— 


10.15 477 9.91336 
10.15 450 9.91328 
10.15 424 9.91319 
10.15 397 9.91310 
10.15370 9.91301 
10.15 343 9.91292 
10.15 316 9.91283 
10.15289 9.91271 
10.15 262 9.91266 
10.15 236 9.91257 
10.15 209 9.01248 
10.15182 9.91239 
10.15155 9.91230 
10.15 128 9.91 221 
10.15101 9.91212 
10.15 075 9.91203 
10.15018 9.91191 
10.15 021 9.91185 
10 1199 4 9.91 176 
10.14967 9.91167 
10.14911 9.91158 
10.11914 9.01119 
10.14 887 0.91111 
10.11860 9.91 l.>2 
10.11834 9.91123 
10.14 807 9.91111 
10.11780 9.91105 
10.11753 9.91096 
10.11727 9.91087 
10.14700 9.91078 
10.14 G73 9.91069 
10.14 646 9.91060 
10.14 620 9.91051 
10.14 593 9.91042 
10.14566 9.91033 
10.14 540 9.91023 
10.11513 9.91014 
10.14 486 9.91005 
10.11460 9.90990 
10.14433 9.90 987 
10.14 406 9.90978 
10.11380 9.90969 
10.11353 9.90 960 
10.14 326 9.90 951 
10.14300 9.90942 
10.14273 9.90 933 
10.14 246 9.90 921 
10.14 220 9.90 915 
10.14193 9.90 900 
10.14166 9.90 896 
10.14140 9.90 887 
10.14113 9.90 878 
10.14087 9.90 869 
10.14 060 9.90 800 
10.14033 9.90851 
10.14007 9.90 842 
10.13 980 9.90 832 
10.13954 9.90 823 
10.13 927 9.90 814 
10.13900 9.90805 

_ 10,13 874 9.90796 

LcSTI cd| L Tan | LSin | d 

Logarithms of Trigonometric 


35 

31 
33 

32 
31 
30 
20 
28 
27 
26 
25 
21 
23 
°2 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 


27 1 

26 


5.4 

5.2 


S.l 

7.8 

in.s 

10.4 

13.5 

13.0 

16.2 

15.6 

18.9 

18.2 

21.6 

20.8 

21.3 

23.4 


18 

17 


3.6 

3.4 


5.4 

5.1 


7.2 

6.8 


9.0 

8.5 

10.8 

10.2 



11.9 

11.4 

13.6 


"6.2 

15.3 


10 

9 

? 

2.0 

1.8 

3 

3.0 

2.7 

4 

4.0 

3.6 

5 

5.0 

E 1 

6 

6.0 

i 1 

7 

7.0 

E 9 

8 

8.0 

E 3 

9 

9.0 

|8.1 


8 

1.6 

2.4 

3.2 
4.0 
4.8 
5.6 
0.4 

7.2 


From the top: 

For 35° + or 215° + , 

rood as printed; for 
125 Of or305°+, read 
co-function* 


From the bottom: 

For 54° + or234° + , 

read as printed; for 
144°+ or324°+, read 
co-function. 


Pro p. Pta. 

Functions 
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82 36° — Logarithms of Trigonometric Functions [in 


J 

LSin 

D 


m 

L Ctn | L Cos 

d 


Prop. Pts. 

0 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 
29 
90 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 
60 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

9.76 922 
9.76939 
9.76957 
9.76974 
9.76991 
9.77009 
9.77026 
9.77043 
9.77061 
9.77078 
9.77095 
9.77112 

9.77 130 
9.77147 
9.77164 
9.77181 
9.77199 
9.77216 
9.77233 
9.77250 
9.77268 
9.77285 
9.77302 
9.77319 
9.77336 
9.77353 
9.77370 
9.77387 
9.77405 
9.77422 
9.77439 
9.77456 
9.77473 
9.77490 
9.77507 
9.77524 
9.77541 
9.77558 
9.77575 
9.77592 
9.77609 
9.77 626 
9.77643 
9.77660 
9.77677 
9.77694 
9.77711 
9.77728 
9.77744 
9.77761 
9.77778 
9.77795 
9.77812 
9.77 829 
9.77 846 
9.77 862 
9.77879 
9.77 896 
9.77913 
9.77930 
9.77946 

17 

18 
17 

17 

18 

17 

17 

15 
17 
17 

17 

18 
17 
17 

17 

18 
17 
17 

17 

18 

17 

17 

17 

17 

17 

17 

17 

18 
17 
17 

17 

17 

17 

17 

17 

17 

17 

17 

17 

17 

17 

17 

17 

17 

17 

17 

17 

16 
17 
17 

17 

17 

17 

17 

16 

17 

17 

17 

17 

16 

9.86 126 
9.86153 
9.86179 
9.86 200 
9.86232 
9.86 259 
9.86285 
9.86312 
9.86338 
9.86365 
9.86392 
9.86418 
9.86445 
9.86471 
9.86498 
9.86524 
9.86551 
9.86577 
9.86 603 
9.86630 
9.86 656 
9.80 683 
9.86 709 
9.86736 
9.86762 
9.86789 
9.86 815 
9.86842 
9.86 868 
9.86894 
9 86921 

9.86 947 
9.86974 

9.87 000 
9.87 027 
9.87053 
9.87079 
9.87 106 
9.87 132 
9.87 158 
9.87185 
9.87211 
9.87 238 
9.87264 
9.87290 
9.87317 
9.87343 
9.87369 
9.87396 
9.87422 
9.87448 
9.87475 
9.87 501 
9.87527 
9.87554 
9.87580 
9.87606 
9.87 633 
9.87659 
9.87685 
9.87711 

27 

26 

27 

26 

27 

26 

27 

26 

27 

27 

26 

27 

26 

27 

26 

27 

26 

26 

27 

26 

27 

26 

27 

26 

27 

26 

27 

26 

26 

27 

26 

27 

26 

27 

26 

26 

27 

26 

26 

1 27 
26 
27 
26 
26 
27 

26 

26 

27 

26 

26 

27 

26 

26 

27 

26 

26 

27 

26 

26 

26 

10.13 874 9.90 796 
10.13 847 9.90787 
10.13 821 9.90777 
10.13 794 9.90 7G8 
10.13768 9.90759 
10.13 741 9.90750 
10.13 715 9.90741 
10.13 G88 9.90731 
10.13 662 9.90722 
10.13 635 9.90 713 
10.13 608 9.90 704 
10.13582 9.90 694 
10.13 555 9.90685 
10.13 529 9.90 676 
10.13502 9.90667 
10.13476 9.90 657 
10.13449 9.90648 
10.13423 9.90639 
10.13 397 9.90 630 
10.13 370 9.90620 
10.13 344 9.90611 
10.13 317 9.90602 
10.13 291 9.90592 
10.13 2G4 9.90 583 
10.13 238 9.90574 
10.13 211 9.90565 
10.13185 9.90555 
10.13158 9.90546 
10.13132 9.90537 
10.13106 9.90527 
10.13 079 9.90 518 
10.13 053 9.90509 
10.13 026 9.90499 
10.13 000 9.90490 
10.12 973 9.90480 
10.12 947 9.90471 
10.12 921 9.90462 
10.12 894 9.90452 
10.12 868 9.90443 
10.12 842 9.90 434 
10.12815 9.9G424 
10.12 789 9.90415 
10.12762 9.90405 
10.12736 9.90396 
10.12710 9.90386 
10.12 683 9.90377 
10.12 657 9.90 368 
10.12 631 9.90358 
10.12 604 9.90 349 
10.12578 9.90339 
10.12552 9.90330 
10.12525 9.90320 
10.12499 9.90311 
10.12473 9.90301 
10.12446 9.90292 
10.12420 9.90282 
10.12 394 9.90273 
10.12 367 9.90263 
10.12 341 9.90 254 
10.12 315 9.90 244 
10.12 289 9.90 235 

9 

10 
9 
9 
9 

9 

10 
9 

9 
9 

10 
9 
9 

9 

10 

9 

9 
9 

10 
9 

9 

10 
9 

9 
9 

10 
9 

9 

10 

9 

9 

10 
9 
10 
9 

9 

10 

9 

9 

IO 

9 

10 

9 

10 

9 

9 

10 

9 

10 

9 

10 

9 

10 

9 

10 

9 

10 

9 

10 

9 

60 

59 

58 

57 

56 

55 

54 

53 

52 

51 

50 

49 

48 

47 

46 

45 

44 

43 

42 

41 

40 

39 

38 

37 

36 

35 

34 

33 

32 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

_0 

27 26 

2 5.4 5.2 

3 8.1 7.8 

4 10.8 10.4 

5 13.5 13.0 

6 16.2 15.6 

7 18.9 18.2 

8 21.6 20.8 

9 24.3 23.4 

18 17 

2 3.6 3.4 

3 5.4 5.1 

4 7.2 6.8 

5 9.0 8.5 

6 10.8 10.2 

7 12.6 11.9 

8 14.4 13.6 

9 16.2 15.3 

16 10 

2 3.2 2.0 

3 4.8 3.0 

4 6.4 4.0 

5 8.0 5.0 

6 9.6 6.0 

7 11.2 7.0 

8 12.8 8.0 

9 14.4 9.0 

9 

2 1.8 

3 2.7 

4 3.6 

5 4.5 

6 5.4 

7 6.3 

8 7.2 

9 8.1 

From the top: 

For 36° + or 216° + , 
read as printed; for 
126° + or306 o+ . read 
co-function. 

From the bottom: 
For 53° + or233° + , 
read as printed; for 
143°+or323°+read 
co-function. 


LCos 


L Ctn 

cd 

L Tan L Sin 

T 

/ 

Prop. Pte._ 


63° — Logarithms of Trigonometric Functions 




37° — Logarithms of Trigonometric Functions 


I BM 

mmm 


L Tan 

cd 

1 LCtn 1 

1 L Cos 


9.77946 
9.77 9G3 

2 9.77 980 

3 9.77997 

4 9.78013 

5 9.78030 _ 
9.78047 J' 
9.78063 J® 

8 9.78080 J; 

9 9.78097 \l 

10 9.78113 * 

11 9.78130 J' 

12 9.78147 J' 

13 9.78163 }9 

14 9.78180 \l 
16 9.78197 

16 9.78213 J® 

17 9.78230 II 

18 9.78 246 JS 

19 9.78263 J' 

20 9.78280 

21 9.78296 JS 

22 9.78313 

23 9.78329 }S 

24 9.78346 17 

25 9.78 362 „ 

26 9.78379 }' 

27 9.78395 }S 

28 9.78412 Ji 

29 9.78428 J2 

30 9.78445 1A 

31 9.78461 JS 

32 9.78478 }I 

33 9.78494 }® 

34 9.78510 J2 

35 9.78527 1A 

36 9.78543 JS 

37 9.78560 17 

38 9.78576 }? 

39 9.78692 J? 

40 9.78609 1A 

41 9.78625 J® 

42 9.78642 }I 

43 9.78 658 }? 

44 9.78674 J® 

45 9.78691 1A 

46 9.78707 }? 

47 9.78723 JS 

48 9.78739 J® 

49 9.78756 Ji 

50 9.78772 1fl 

51 9.78788 }S 

52 9.78805 Ji 

53 9.78 821 J? 

54 9.78837 J® 

55 9.78853 

56 9.78869 J® 

57 9.78886 J' 

58 9.78902 JS 

59 9.78918 J® 

60 9.78934 _ 

L Cos 


9.87 711 
9.87738 
9.87704 
9.87 790 
9.87817 

9.87 843 
9.87809 
9.87895 
9.87922 
9.87948 
9.87974 
9.88000 
9.88027 
9.88053 
9.88079 
9.88105 
9.88131 
9.88158 
9.88184 
9.88210 
9.88236 
9.88202 
9.88289 
9.88315 
9.88341 
9.88367 
9.88393 
9.88420 
9.88446 
9.88472 
9.88498 
9.88524 
9.88550 
9.88577 
9.88603 
9.88629 
9.88655 
9.88681 
9.88707 
9.88733 
9.88759 
9.88786 

9.88 812 
9.88838 
9.88864 
9.88890 
9.88916 
9.88942 
9.88968 
9.88994 

9.89 020 
9.89046 
9.89 073 
9.89 099 
9.89125 
9.89 151 
9.89 177 
9.89203 
9.89229 
9.89255 
9.89 281 

L Ctn 


9 - 10.12 289 
27 10.12 262 
IS 10.12 230 
;S 10.12210 

27 10.12183 
10.12157 
2® 10.12131 
I® 10.12105 
27 10.12 078 
2 l 10.12052 
9A 10.12 026 
I® 10.12000 

27 10.11973 
2® 10.11947 

26 10.11921 
2fi 10.11895 
JS 10.11809 

27 10.11842 

I? 10.11816 

2® 10.11790 
9fl 10.11764 
IS 10.11738 
27 10.11711 
*S 10.11685 
2? 10.11659 
9A 10.11633 
IS 10.11007 
II 10.11580 
26 10.11554 
2® 10.11528 
tl 10.11502 
I® 10.11476 
IS 10.11450 
II 10.11423 
IS 10.11397 
ll 10.11371 
IS 10.11345 
IS 10.11319 
IS 10.11293 
IS 10.11267 
II 10.11241 
II 10.11214 

IS 10.11188 
IS 10.11102 

IS 10.11136 
* 10.11110 
IS 10.11084 
IS 10.11058 
IS 10.11032 
2® 10.11006 

l” 10.10980 
IS 10.10954 
II 10.10927 
IS 10.10901 
IS 10.10875 
ll 10.10849 
IS 10.10823 
IS 10.10797 
IS 10.10771 
IS 10.10745 
20 10.10719 
cd L Tan 


9.90235 
9.90225 
9.90216 
9.90206 0 

9.90197 ® 

9.90187 Z 
9.90178 ® 
9.90168 ™ 
9.90159 ® 

9.90149 J® 
9.90139 . 

9.90130 ® 

9.90120 1 S 
9.90111 ^ 

9.90101 J® 
9.90091 I 
9.90082 ® 

9.90072 ™ 
9.90063 ®| 

9.90053 J9 
9.90043 ' 

9.90034 ® 

9.90024 JS 
9.90 014 x ® 
9.90005 ® 

9.89995 * 

9.89 985 
9.89976 ® 

9.89 906 JS 
9.89956 ™ 
9.89947 1A 
9.89937 JS 

9.89 927 X S 

9.89 918 ® 

9.89 908 10 

9.89 898 
9.89 888 x 9 

9.89 879 ® 

9.89 869 

9.89 859 J® 

9.89 849 . 

9.89 840 ® 

9.89830 J® 

9.89 820 JS 

9.89 810 x 9 

9.89 801 1A 
9.89791 JS 
9.89781 JS 
9.89771 JS 
9.89761 
9.89752 1A 
9.89742 JS 
9.89732 JS 
9.89722 JS 
9.89712 J® 
9.89702 A 

9.89 693 ® 

9.89683 JS 
9.89673 JS 
9.89663 JS 

9.89 653 

LSin d 


16 

3.2 
4.8 

4 6.8 6.4 

b 8.5 8.0 

0 10.2 9.6 

7 11.9 11.2 

8 13.6 12.8 

9 15.3 14.4 


10 9 

2 2.0 1.8 

3 3.0 2.7 

4 4.0 3.6 
6 5.0 4.5 

6 0.0 5.4 

7 7.0 6.3 

8 8.0 7.2 

9 9.0 8.1 


From the top: 

For 37° + or 217*+, 
read as printed; for 
127°+or307°+ read 
co-function. 

From the bottom: 

For 52*+or232°+ 
read as printed; for 
142°+ or322°+ read 
co-function* 


*_ Logarithms of Trigonometric' 
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m 


531 

54 

55 

56 

57 

58 

59 


L2I 


38° — Logarithms of Trigonometric Functions [m 


LSin 

d 

L Tan 

m\ 

L Ctn L Cos 

□ 

jm 

Prop. Pts. 

26 25 

2 5.2 5.0 

3 7.8 7.5 

4 10.4 10.0 

5 13.0 12.5 

6 15.6 15.0 

7 18.2 17.5 

8 20.8 20.0 

9 23.4 22.5 

17 16 

2 3.4 3.2 

3 5.1 4.8 

4 6.8 6.4 

5 8.5 8.0 

6 10.2 9.6 

7 11.9 11.2 

8 13.6 12.8 

9 15.3 14.4 

15 11 

2 3.0 2.2 

3 4.5 3.3 

4 6.0 4.4 

5 7.5 5.5 

6 9.0 6.6 

7 10.5 7.7 

8 12.0 8.8 

9 13.5 9.9 

10 9 

2 2.0 1.8 

3 3.0 2.7 

4 4.0 3.6 

5 5.0 4.5 

6 6.0 5.4 

7 7.0 6.3 

8 8.0 7.2 

9 9.0 8.1 

From the top: 

For 38°+or 218°+ 
read as printed; for 
128°+or308°+read 
co-function. 

From the bottom: 

For 51°+or 231°+ 
read as printed; for 
141 c+ or321°+read 
co-function. 

9.78934 

9.78950 

9.78 9C7 
9.78983 
9.78999 
9.79015 
9.79031 
9.79047 

9.79 0G3 
9.79079 
9.79095 
9.79 111 
9.79128 
9.79144 
9.79160 
9.79176 
9.79192 
9.79208 
9.79224 
9.79240 
9.79 256 
9.79272 
9.79288 
9.79304 
9.79319 
9.79335 
9.79351 
9.79367 
9.79383 
9.79399 
9.79415 
9.79431 
9.79447 
9.79403 
9.79478 
9.79494 
9.79510 
9.79526 
9.79542 
9.79 558 
9.79 573 
9.79 589 
9.79605 
9.79621 
9.79636 
9.79652 
9.79 668 
9.79684 
9.79699 
9.79715 
9.79731 
9.79 746 
9.79762 
9.79778 
9.79793 
9.79 809 
9.79 825 
9.79 840 
9.79 856 
9.79 872 
9.79 887 

16 

17 

16 

16 

16 

16 

16 

16 

16 

16 

16 

17 

16 

16 

16 

16 

16 

16 

16 

16 

16 

16 

16 

15 

16 

16 

16 

16 

16 

16 

16 

16 

16 

15 

16 

16 

16 

16 

16 

15 

16 
16 
10 

15 

16 

16 

16 

15 

16 
16 

15 

16 
16 

15 

16 

16 

15 

16 
16 
15 

9.89 281 
9.89307 
9.89333 
9.89 359 
9.89385 
9.89411 
9.89437 
9.89463 
9.89489 
9.89515 
9.89 541 
9.89 5G7 
9.89593 
9.89619 
9.89 645 
9.89671 
9.89 697 
9.89723 
9.89749 
9.89775 
9.89801 
9.89827 
9.89853 
9.89 879 

9.89 905 
9.89931 
9.89957 
9.89983 
9.90009 
9.90035 
9.90061 
9.90086 
9.90112 
9.90138 
9.90104 
9.90190 
9.90216 
9.90242 
9.90208 
9.90294 
9.90320 
9.90346 
9.90371 
9.90397 
9.90423 
9.90449 
9.90475 
9.90501 
9.90527 
9.90553 
9.90578 
9.90604 
9.90630 
9.90656 
9.90682 
9.90708 
9.90734 
9.90759 
9.90785 

9.90 811 
9.90 837 

26 

26 

20 

26 

26 

26 

26 

26 

26 

26 

26 

26 

26 

26 

26 

26 

26 

26 

26 

26 

26 

26 

26 

26 

26 

26 

26 

26 

26 

26 

25 

26 
26 
26 
26 

26 

26 

26 

26 

26 

26 

25 

26 
26 
26 

26 

26 

26 

26 

25 

26 
26 
26 
26 
26 

26 

25 

26 
26 
26 

10.10 719 9.89 653 
10.10693 9.89 643 
10.10667 9.89 633 
10.10641 9.89 624 
10.10615 9.89 614 
10.10589 9.89604 
10.10563 9.89594 
10.10537 9.89584 
10.10511 9.89 574 
10.10485 9.89 564 
10.10459 9.89554 
10.10433 9.89 544 
10.10407 9.89534 
10.10381 9.89 524 
10.10355 9.89 514 
10.10329 9.89504 
10.10303 9.89 495 
10.10277 9.89 485 
10.10251 9.89475 
10.10225 9.89465 
10.10199 9.89455 
10.10173 9.89445 
10.10147 9.89435 
10.10121 9.89425 
10.10095 9.89415 
10.10069 9.89405 
10.10043 9.89 395 
10.10017 9.89 385 
10.09991 9.89375 
10.09965 9.89364 
10.09939 9.89354 
10.09 914 9.89344 
10.09888 9.89 334 
10.09 862 9.89 324 
10.09836 9.89 314 
10.09810 9.89 304 
10.09 784 9.89 294 
10.09758 9.89 284 
10.09732 9.89 274 
10.09706 9.89 264 
10.09 680 9.89 254 
10.09 654 9.89 244 
10.09629 9.89 233 
10.09 603 9.89 223 
10.09577 9.89 213 
10.09551 9.89 203 
10.09525 9.89193 
10.09499 9.89183 
10.09473 9.89173 
10.09447 9.89162 
10.09422 9.89152 
10.09 396 9.89142 
10.09 370 9.89132 
10.09 344 9.89122 
10.09 318 9.89112 
10.09 292 9.89101 
10.09 266 9.89 091 
10.09 241 9.89 081 
10.09215 9.89071 
10.09189 9.89 060 
10.09163 9.89 050 

10 

10 

9 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

9 
10 
10 
10 
10 

10 

10 

10 

10 

10 

10 

10 

10 

11 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

11 

10 

10 

10 

10 

10 

10 

11 

10 

10 

10 

10 

10 

11 

10 

10 

10 

11 

10 

60 

59 

58 

57 

56 

55 

54 

53 

52 

51 

50 

49 

48 

47 

46 

45 

44 

43 

42 

41 

40 

39 

38 

37 

36 

35 

34 

33 

32 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

_0 

L Cos 

T 

h Ctn 

cd 

L Tan L Sin 

T 

/ 

Prop. Pts. 


51° — Logarithms of Trigonometric Functions 
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/ 

LSin 


LTan 

cd 

L Ctn 

L Cos 

d 


Prop. Pts. 

0 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

9.79 887 
9.79903 
9.79918 
9.79 934 
9.79950 
9.79965 
9.79 981 

9.79 996 
9.80012 
9.80027 
9.80043 
9.80038 
9.80074 
9.80089 

9.80105 
9.80120 
9.80130 
9.80151 

9.80106 
9.80182 
9.80197 
9.80213 
9.80228 
9.80244 
9.80259 
9.80274 
9.80290 
9.80305 

9.80 320 
9.80336 
9.80351 
9.80366 
9.80 382 
9.80397 
9.80412 
9.80428 
9.80443 
9.80458 
9.80473 
9.80489 
9.80 504 
9.80 510 
9.80534 J 
9.80 550 
9.80565 
9.80580 
9.80595 
9.80610 
9.80623 
9.80641 
9.80656 
9.80 671 
9.80 686 
9.80 701 
9.80716 
9.80731 
9.80746 
9.80762 
9.80777 
9.80792 
9.80807 

16 

15 

16 
16 

15 

16 

15 

16 

15 

16 

15 

16 

15 

16 

15 

16 
15 

15 

16 

15 

16 

15 

16 
15 

15 

16 
15 

15 

16 
15 

15 

lb 

15 

15 

16 

15 

15 

15 

16 
15 

15 

15 

16 
15 
15 

15 

15 

15 

16 
15 

15 

15 

15 

15 

15 

15 

16 
15 
15 
13 

9.90837 
9.90863 
9.90889 
9.90914 
9.90940 
9.90966 
9.90992 
9.91018 
9.91013 
9.91069 
9.91095 
9.91121 
9.91147 
9.91172 
9.91198 
9.91224 
9.91250 
9.91 276 
9.91 301 
9.91327 
9.91 353 
9.91379 
9.91 404 
9.91430 
9.91456 
9.91482 
9.91 507 
9.91 533 
9.91559 
9.91 585 
9.91 610 
9.91 636 
9.91662 
9.91 6S8 
9.91713 
9.91739 
9.91765 
9.91791 
9.91 816 
9.91842 
9.91 868 
9.91 893 
9.91919 
9.91915 
9.91971 

9.91 996 

9.92 022 
9.92 048 
9.92 073 
9.92 099 
9.92 125 
9.92 130 
9.92 176 
9.92 202 
9.92 227 
9.92 253 
9.92 279 
9.92 304 
9.92 330 
9.92 356 
9.92 381 

26 

26 

25 

26 
26 

26 

20 

25 

26 
26 

26 

26 

25 

26 
26 

26 

20 

25 

26 
26 

26 

25 
20 

26 
26 

25 

26 
26 
26 

25 

26 
20 
26 

25 

26 

26 

28 

25 

26 
26 

25 

26 
26 
26 

25 

26 
26 

25 

26 
26 

25 

26 
26 
23 
26 

26 

25 

26 
26 
25 

10.09 163 
10.09 137 
10.09111 
10.09 086 
10.09 060 
10.09 034 
10.09 008 
10.08 982 
10.08937 
10.08931 
10.08905 
10.08 879 
10.08 853 
10.08 828 
10.08 802 
10.08776 
10.08750 
10.08724 
10.08699 
10.08673 
10.08 647 
10.08621 
10.08 596 
10.08 570 
10.08 544 
10.08518 
10.08493 
10.08467 
10.08441 
10.08415 
10.08 390 
10.08 304 
10.08 338 
10.08 312 
10.08 287 
10.08 261 
10.08 235 
10.08 209 
10.08 184 
10.08 158 
10.08 132 
10.08107 
10.08 081 
10.08 055 
10.08029 
10.08 004 
10.07 978 
10.07 952 
10.07 927 
10.07 901 
10.07 875 
10.07 850 
10.07 824 
10.07 798 
10.07 773 
10.07 747 
10.07 721 
10.07 696 
10.07 670 
10.07 644 
10.07 619 

9.89 050 
9.89 040 
9.89 030 
9.89 020 
9.89 009 
9.88999 
9.88 989 
9.88 978 
9.88 968 
9.88 958 
9.88948 
9.88937 
9.88 927 
9.88 917 
9.88906 
9.88 896 
9.SS886 
9.88 875 
9.88 865 
9.88 855 
9.88 844 
9.88 831 
9.88 824 
9.88 813 
9.88 803 
9.88 793 
9.S8 782 
9.88 772 
9.88 761 
9.88 751 
9.88 741 
9.88 730 
9.88720 
9.88 709 
9.88699 
9.88 688 
9.88 078 
9.88 668 
9.88 057 
9.88647 
9.88 636 
9.88 626 
9.88 615 
9.88605 
9.88 594 
9.88 584 
9.88573 
9.88503 
9.88 552 
9.88 542 
9.88 531 
9.88 521 
9.88 510 
9.88499 
9.88489 
9.88478 
9.88 468 
9.88457 
9.88447 
9.88436 
9.88 425 

10 

10 

10 

11 

10 

10 

11 

10 

10 

10 

11 

10 

10 

11 

10 

10 

11 

10 

10 

11 

10 

10 

11 

10 

10 

11 

10 

11 

10 

10 

11 

10 

11 

10 

11 

10 

10 

11 

10 

11 

10 

11 

10 

11 

10 

11 

10 

11 

10 

11 

10 

11 

11 

10 

11 

10 

11 

10 

11 

11 

60 

59 

58 

57 

56 

55 

54 

53 

52 

51 

50 

49 

48 

47 

46 

45 

44 

43 

42 

41 

40 

39 

38 

37 

36 

35 

34 

33 

32 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

_0 

26 25 

2 5.2 5.0 

3 7.8 7.5 

4 10.4 10.0 

5 13.0 12.5 

6 15.6 15.0 

7 18.2 17.5 

8 20.8 20.U 

9 23.4 22.5 

1 16 15 

21 3.2 3.0 

3 4.8 4.5 

4 6.4 6.0 

b 8.0 7.5 

0 9.0 9.0 

7 11.2 10.5 

8 12.8 12.0 

0 14.4 13.5 

11 10 

2 2.2 2.0 

3 3.3 3.0 

4 4.4 4.0 

5 5.5 5.0 

6 6.6 6.0 

7 7.7 7.0 

8 8.8 8.0 

9 9.9 9.0 

From the top: 

For 39° + or 219°+, 
read as printed; for 
129° 4 or309 o+ , read 
co-function. 

From the bottom: 
For50 o+ or230 o+ , 
read as printed; for 
140°+or320°+read 
co-function. 

L Cos 

“Tl 

L Ctn 

i cd 

L Tan 

LSin 

7 

/ 

Prop. Pts. 


50° — Lo garithms of Trigonometric Functions 




86 40°—Logarithms of Trigonometric Functions [in 


LSin I d I L Tan 


\m 


L Ctn L Cos 


0 9.80 S07 

1 9.80822 

2 9.80837 

3 9.80852 

4 9.80867 

5 9.80882 

6 9.80897 

7 9.80912 

8 9.80927 

9 9.80942 

10 9.80957 

11 9.80972 

12 9.80987 

13 9.81002 

14 9.81017 
16 9.81032 

16 9.81047 

17 9.81061 

18 9.81076 

19 9.81091 

20 9.81106 

21 9.81121 

22 9.81136 

23 9.81151 

24 9.81166 

25 9.81180 

26 9.81195 

27 9.81210 

28 9.81225 

29 9.81240 

30 9.81254 

31 9.81269 

32 9.81284 

33 9.81 299 

34 9.81314 

35 9.81328 

36 9.81343 

37 9.81358 

38 9.81372 

39 9.81387 

40 9.81402 

41 9.81417 

42 9.81431 

43 9.81446 

44 9.81461 

45 9.81475 

46 9.81490 

47 9.81505 

48 9.81519 

49 9.81534 

50 9.81549 

51 9.81563 

52 9.81578 

53 9.81592 

54 9.81607 

55 9.81622 
T0 9.81636 

57 9.81651 

58 9.81665 

59 9.81680 

60 9.81694 1 


9.92381 
}f 9.92407 
}f 9.92433 
It 9.92458 
\l 9.92484 
IT 9.92 510 
It 9.92 535 
It 9.92561 
It 9.92587 
Jt 9.92612 
ZZ 9.92638 
It 9.92 663 
It 9.92 689 
It 9.92 715 
9.92 740 
: K 9.92766 
It 9.92 792 
If 9.92 817 
It 9.92 843 
It 9.92868 
9.92 894 
It 9.92 920 
It 9.92 945 
It 9.92 971 
}t 9.92 996 
Jr 9.93022 
It 9.93 048 
It 9.93 073 
It 9.93 099 
It 9.93124 
I: 9.93150 
If 9.93 175 
}f 9.93 201 
If 9.93 227 
If 9.93 252 
:: 9.93278 
If 9.93 303 
}j 9.93 329 
If 9.93 354 
If 9.93 380 
ZZ 9.93406 
If 9.93 431 
It 9.93 457 
If 9.93 482 
If 9.93508 
I: 9.93 533 
If 9.93 559 
If 9.93 584 
It 9,93 610 
If 9.93 636 
I: 9.93 661 
It 9.93 687 
If 9.93712 
It 9.93 738 
Jf 9.93 763 
] A 9.93 789 
It 9.93 814 
Jf 9.93 840 
It 9.93 865 
}f 9.93 891 


d| L Ctn 


10.07619 
10.07593 
10.07567 
10.07542 
10.07516 
10.07490 
10.07465 
10.07439 
10.07413 
10.07388 
10.07362 
10.07337 
10.07311 
10.07285 
10.07260 
10.07234 
10.07208 
10.07183 
10.07157 
10.07132 
10.07106 
10.07080 
10.07055 
10.07029 
10.07004 


9.88425 
9.88415 
9.88404 
9.88394 
9.88383 
9.88 372 
9.88362 
9.88351 
9.88340 
9.88330 
9.88319 
9.88 308 
9.88298 
9.88287 
9.88276 
9.88266 
9.88255 
9.88244 
9.88234 
9.88223 

Q QQ 919 

10.07080 9'.88201 
10.07055 9.88191 
10.07029 9.88180 
10.07004 9.88169 
10.06978 9.88158 
10.06952 9.88148 
10.06927 9.88137 
10.06901 9.88126 
10.06876 9.88115 


10.06 850 
10.06 825 
10.06799 
10.06773 
10.06748 
10.06722 
10.06 697 
10.06671 
10.06646 
10.06620 


9.88105 
9.88 094 
9.88083 
9.88072 
9.88061 
9.88051 
9.88 040 
9.88029 
9.88 018 
9.88007 


10.06594 9.87996 
10.06 569 9.67985 
10.06543 9.87975 
10.06518 9.87 964 
10.06492 9.87953 
10.06467 9.87942 
10.06441 9.87 931 
10.06416 9.87920 
10.06390 9.87909 
10.06364 9.87 898 


10.06339 
10.06313 
10.06288 
10.06262 
10.06237 
10.06211 
10.06186 
10.06160 
10.06135 
10.06109 
10.06084 
L Tan 


9.87887 
9.87877 
9.87866 
9.87 855 
9.87 844 
9.87833 
9.87822 
9.87811 
9.87800 
9.87789 
19.87778 
LSin 


26 26 

2 5.2 5.0 

3 7.8 7.5 

4 10.4 10.0 

5 13.0 12.5 

6 15.6 15.0 

7 18.2 17.5 

8 20.8 20.0 

9 23.4 22.5 


16 14 

2 3.0 2.8 

3 4.5 4.2 

4 6.0 5.6 

5 7.5 7.0 

6 9.0 8.4 

7 10.5 9.8 

8 12.0 11.2 
9 13.5 12.6 


11 10 

2 2.2 2.0 

3 3.3 3.0 

4 4.4 4.0 

5 5.5 5.0 

6 6.6 6.0 

7 7.7 7.0 

8 8.8 8.0 

9 9.9 9.0 


From the top: 

For 40° + or220° + , 
read as printed; for 
130°+or 310°+read 
co-function. 

From the bottom: 

For 49° + or229° + , 
read as printed; for 
139°+ or 319°+ read 
co-function. 


Prop. Pts. 


49° — Logarithms of Trigonometric Functions 






m] 41° — Logarithms of Trigonometric Functions 87 


Prop. Pts. 


0 9.81694 

1 9.81709 

2 9.81723 

3 9.81738 

4 9.81752 

5 9.81767 

6 9.81781 

7 9.81796 

8 9.81810 

9 9.81825 

10 9.81839 

11 9.81854 

12 9.81868 

13 9.81882 

14 9.81897 
9.81911 
9.81926 
9.81940 
9.81955 
9.81969 
9.81983 

21 9.81998 

22 9.82 012 

23 9.82 026 

24 9.82041 

25 9.82055 

26 9.82069 

27 9 82084 

28 9.82098 

29 9.82112 
9.82126 
9.82141 
9.82155 
9.82169 
9.82184 
9.82198 
9.82212 
9.82226 
9.82240 
9.82255 
9.82269 

41 9.82 283 

42 9.82297 

43 9.82311 

44 9.82326 

45 9.82340 

46 9.S2 354 

47 9.82368 

48 9.82382 

49 9.82396 
9.82410 
9.82424 
9.82439 
9.82453 
9.82467 
9.82481 
9.82495 
9.82509 
9.82 523 
9.82537 
9.82551 


L Cos 


.. 9.93 916 | 

}f 9.93942 
} 4 9.93967 25 
J5 9.93993 26 
9.94018 25 

1 9.94044 H 

9.94 0C9 25 
9.94095 26 
\\ 9.94120 25 
}° 9.94146 26 

-- 9.94171 
I® 9.94197 26 
It 9.94222 25 

Jf 9.94248 26 

14 9.94273 25 
„ 9.94299 _ 
9.94324 25 
Jt 9.94350 26 
JJ 9.94375 f* 
}t 9.94401 26 
:: 9.94426 ZZ 

}f 9.94452 26 

It 9.94477 25 
1* 9.94503 26 

JJ 9.94628 25 

* 9.94 554 H 
It 9.94579 25 

9.94604 2o 
It 9.94630 26 
14 9 - 94 655 25 
9.94681 
9.94706 25 
}t 9.94732 j6 
} 4 9.94757 25 
\l 9.94 783 26 

* 9.94808 __ 
Jf 9.94834 " 
If 9.94859 

}f 9.94884 ll 
\l 9-94910 f 
“ 9.94935 
Jt 9.94961 26 
9.94986 25 
It 9.95012 26 
\l 9.95037 25 

. . 9.95062 
If 9.95 088 26 
It 9.95113 25 
It 9.95139 26 

It 9 ' 95164 20 

:: 9.95190 
If 9.95 215 25 
}f 9.95240 2? 
}f 9.95266 26 
}f 9.95291 25 

Jt 9.95317 
If 9.95342 25 
If 9.95368 2f 
}f 9.96393 *5 

It 9 ’ 95418 26 

14 9.95444 


LCtn led 


10.00084 
10.06058 
10.06033 
10.06007 
10.05 982 
10.05 95G 
10.03931 
10.03 905 
10.05 880 
10.05 854 
10.05 829 
10.05 803 
10.05778 
10.05 752 
10.05727 
10.05701 
10.05 676 
10.05650 
10.05 625 
10.05599 
10.05574 
10.05648 
10.05523 
10.05497 
10.05472 
10.05446 
10.05421 
10.05 396 
10.05 370 
10.05345 
10.05 319 
10.05 294 
10.05268 
10.05243 
10.05217 
10.05192 
10.05166 
10.05141 
10.05116 
10.05 090 
10.05065 
10.05039 
10.05014 
10.04988 
10.04963 
10.04938 
10.04 912 
10.04887 
10.04861 
10.04836 
10.04810 
10.04785 
10.04760 
10.04734 
10.04 709 
10.04683 
10.04658 
10.04632 
10.04607 
10.04582 
10.04556 


L Tan 


9.87778 
9.87 7G7 
9.87756 
,9.87745 
9.87734 
9.87 723 
9.87712 
9.87701 
9.87690 
9.87679 
9.87 668 
9.87657 
9.87646 
9.87635 
9.87624 
9.87 613 
9.87 601 
9.87590 
9.87579 
9.87568 
9.87557 
9.87 546 
9.87535 
9.87624 
9.87513 
9.87501 
9.87490 
9.87479 
9.87468 
9.87457 
9.87446 
9.87434 
9.87423 
9.87412 
9.87401 
9.87390 
9.87 378 
9.87307 
9.87356 
9.87345 
9.87334 
9.87 322 
9.87 311 
9.87 300 
9.87 288 
9.87277 
9.87 206 
9.87255 
9.87 243 
9.87232 
9.87221 
9.87209 
9.87198 
9.87187 
9.87175 
9.87164 
9.87 153 
9.87141 
9.87130 
9.87 119 
9.87107 
LSin Id 



From the top: 

For 41° + or 221° + , 
read as printed; for 
131° + or311°+read 
co-function. 

From the bottom: 

For 48° + or228°+, 
read os printed; for 
138°+ or 318°+ read 
co-function. 


Prop. Pte. 


48° — Logarithms of Trigonometric Functions 


























88 


0 


1 

2 

3 

4 

5 


6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 


21 


22 

23 

24 

25 

2G 

27 

28 
29 


30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 


50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 


42° — Logarithms of Trigonometric Functions r TO 


L Sin 

d 

L Tan 

cd 

L Ctn 

L Cos 

d 


Prop. Pts. ~~| 

9.82551 
9.82565 
9.82579 
9.82 593 
9.82607 
9.82621 
9.82 635 
9.82649 
9.82 663 
9.82677 
9.82 691 
9.82 705 
9.82719 
9.82733 
9.82 747 
9.82 761 
9.82 775 
9.82 788 
9.82 802 
9.82816 
9.82 830 
9.82 844 
9.82 858 
9.82 872 
9.82885 
9.82 899 
9.82 913 
9.82 927 
9.82 941 
9.82 955 
9.82 968 
9.82 982 

9.82 996 

9.83 010 
9.83 023 
9.83 037 
9.83 051 
9.83 065 
9.83 078 
9.83 092 
9.83 106 
9.83 120 
9.83 133 
9.83 147 
9.83 161 
9.83 174 
9.83188 
9.83 202 
9.83 215 
9.83 229 
9.83 242 
9.83 256 
9.83 270 
9.83 283 
9.83 297 
9.83 310 
9.83 324 
9.83 338 
9.83 351 
9.83365 
9.83 378 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

13 

14 
14 
14 

14 

14 

14 

13 

14 

14 

14 

11 

11 

13 

14 
14 

1 14 

13 

14 

14 

11 

13 

14 
11 

14 

13 

14 
14 

13 

14 
14 

13 

14 

13 

14 
11 

13 

14 

13 

14 
14 

13 

14 
13 

~ 

9.95444 
9.95469 
9.95495 
9.95520 
9.95545 
9.95571 
9.95596 
9.95622 
9.95647 
9.95672 
9.95698 
9.95723 
9.95 748 
9.95 774 
9.95 799 
9.95825 
9.95 850 
9.95875 
9.95 901 
9.95926 
9.95952 

9.95 977 
9.96002 

9.96 028 
9.96053 
9.96078 
9.96104 
9.96 129 
9.96 155 
9.96180 
9.96205 
9.96231 
9.96256 
9.96 281 
9.96307 
9.96332 
9.96 357 
9.96 383 
9.96408 
9.96433 
9.96459 
9.96 4S4 
9.96510 
9.96535 
9.96560 
9.96586 
9.96611 
9.96636 
9.96662 
9.96 687 
9.96712 
9.96738 
9.96 763 
9.96 788 
9.96 814 
9.96 839 
9.96 864 
9.96 890 
9.96 915 
9.96940 
9.96966 

25 

26 
25 

25 

26 

25 

26 
25 

25 

26 

25 

25 

20 

25 

26 

25 

25 

26 

25 

26 

25 

25 

26 
25 

25 

26 

25 

26 
25 

25 

26 
25 

25 

26 
25 

25 

26 
25 

25 

26 

25 

26 
25 

25 

26 

25 

25 

26 
25 

25 

26 
25 

25 

26 
25 

25 

26 
25 

25 

26 

10.04556 
10.04531 
10.04505 
10.04480 
10.04455 
10.04429 
10.04404 
10.04378 
10.04353 
10.04328 
10.04302 
10.04 277 
10.04252 
10.04226 
10.04201 
10.04175 
10.04150 
10.04125 
10.04 099 
10.04074 
10.04048 
10.04 023 
10.03 998 
10.03 972 
10.03 947 
10.03 922 
10.03 896 
10.03 871 
10.03 815 
10.03 820 
10.03 795 
10.03 769 
10.03744 
10.03 719 
10.03 693 
10.03 668 
10.03 643 
10.03 617 
10.03 592 
10.03 567 
10.03 541 
10.03 516 
10.03490 
10.03 465 
10.03440 
10.03 414 
10.03 389 
10.03 364 
10.03 338 
10.03 313 
10.03 288 
10.03 262 
10.03 237 
10.03 212 
10.03 186 
10.03 161 
10.03 136 
10.03110 
10.03 085 
10.03 060 
10.03 034 

9.87 107 
9.87 096 
9.87085 
9.87 073 
9.S7062 
9.87050 
9.87 039 
9.87028 
9.87 016 
9.87005 
9.86 993 
9.86 982 
9.86970 
9.86 959 
9.86947 
9.86936 
9.86 924 
9.86 913 
9.86 902 
9.86 890 
9.86 879 
9.86 867 
9.86 855 
9.86 844 
9.86 832 
9.86821 
9.86 809 
9.86 798 
9.86 786 
9.86775 
9.86 763 
9.86 752 
9.86740 
9.86 728 
9.86 717 
9.86 705 
9.86 694 
9.86 6S2 
9.86 670 
9.86 659 
9.86647 
9:86 635 
9.86 624 
9.86 612 
9.86 600 
9.86 589 
9.86 577 
9.86565 
9.86 554 
9.86542 
9.86530 
9.86 518 
9.86507 
9.86495 
9 86483 
9.86472 
9.86460 
9.86448 
9.86436 
9.86425 
9.86413 

11 

n 

12 

11 

12 

11 

11 

12 

11 

12 

11 

12 

11 

12 

11 

12 

11 

11 

12 

11 

12 

12 

11 

12 

11 

12 

11 

12 

11 

12 

11 

12 

12 

11 

12 

11 

12 

12 

11 

12 

12 

11 

12 

12 

11 

12 

12 

11 

12 

32 

12 

11 

12 

12 

11 

12 

12 i 
12 
11 
12 

60 

59 

58 

57 

56 

55 

54 

53 

52 

51 

50 

49 

48 

47 

46 

45 

44 

43 

42 

41 

40 

39 

38 

37 

30 
35 
34 
33 
32 

31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

JV 

26 25 

2 5.2 5.0 

3 7.8 7.5 

4 10.4 10.0 

5 13.0 12.5 

6 15.6 15.0 

7 18.2 17.5 

8 20.8 20.0 

9 23.4 22.5 

14 13 

2 2.8 2.6 

3 4.2 3.9 

4 5.6 5.2 

5 7.0 6.5 

6 8.4 7.8 

7 9.8 9.1 

8 i 1.2 10.4 | 

9 12.6 11.7 j 

12 11 

2 2.4 2.2 s 

3 3.6 3.3 

4 4.8 4.4 

5 6.0 5.5 

6 7.2 6.6 

7 8.4 7.7 

8 9.6 8.8 

9 10.8 9.9 

From the top: 

For 42° + or222°+, 
read as printed; for 
132°+ or 312°+ read 
co-function. 

From the bottom: 
For 47° + ox*227° + t 
read as printed; for. 
137° + or 317° + , read r 
co-function. i 

L Cos 


LCtn 

cd 

L Tan 

L Sin 

T 

t 

Prop. Pts. 


47° — Logarithms of Trigonometric Functions 


Ill] 43° — Logarithms of Trigonometric Functions 


9.83 378 
9.83 392 
9.83 403 
9.83 419 
9.83 432 
9.83 446 
9.83 439 
9.83 473 
9.83 4S6 
9.83 500 
9.83 513 
9.83 527 
9.83 540 

13 9.83 554 

14 9.83 507 

15 9.83 581 
10 9.83 591 

17 9.83 G0S 

18 9.83 621 

19 9.83 034 
9.83 648 

21 9.S3 001 

22 9.83 674 

23 9.83 6SS 

24 9.83 701 

25 9.83 715 

26 9.83 72S 

27 9.83 741 

28 9.83 753 

29 9.83 708 

30 9.S3 7S1 

31 9.83 795 
9.83 808 

33 9.83 821 
31 9.83 834 

35 9.83 848 

36 9.83 861 

37 9.83 874 

38 9.83 887 

39 9.83 901 
9.83 914 

41 9.83 927 

42 9.83 940 

43 9.83 951 

44 9.83 907 

45 9.83 980 

46 9.83 993 

47 9.84006 

48 9.84020 

49 9.84033 
9.84046 

51 9.84059 

52 9.84072 

53 9.84085 

54 9.84098 

55 9.84112 

56 9.84125 

57 9.84138 

58 9.84151 

59 9.84164 
9.84177 


9.96966 oc 

9.96 991 25 
9.97016 ii 

5 .97 042 26 

9.97 067 1°. 

9.97 092 * 

9.97118 26 
9.97143 
9.97168 

13 26 

9.97219 

9.97 211 2j 
if 9.97269 

9.97295 
}f 9.97320 
It 9.97 345 
if 9.97371 
J* 9.97396 
}f 9.97 421 
\ 3 9.97447 
„ 9.97472 
if 9.97497 
}f 9.97 523 
JJ 9.97 54S 
13 9.97 573 
“ 9.97598 
13 9.97 024 JO 
if 9.97649 2,) 
JJ 9.97 674 
t 3 9.97 700 
9.97725 
Ji 9.97750 
if 9.97776 
}f 9.97801 
if 9.97826 
Zl 9.97851 
9.97877 
if 9.97902 
if 9.97927 
9.97953 
9.97978 „ 
}f 9.98003 
9.98029 f 
}J 9.98051 
13 9.98079 -5 
J* 9.98104 ' 

9.98130 2 ° 
}f 9.98155 2 £ 

9.98 ISO 2 * 
9.98206 2 £ 

J® 9.98231 25 
if 9.98256 2 * 
if 9.98281 l* 
if 9.98307 ?? 

9.98332 2 * 
„ 9.98357 26 
}f 9.98383 ?5 
if 9.98408 2 ? 
}f 9.98433 2 £ 
}| 9.98458 2 * 
13 9.98484 


L Ctn I L Cos 



From the top: 

For 43° f or223° + , 
rend os printed; f«»r 
133° + or 313° f , read 

co-function. 

From bottom: 
Tor 46° + or226° + , 
read as printed; for 
136° + or 316° + , read 
co-function. 










































































9.84177 

1 9.81190 

2 9.84 203 

3 9.84216 

4 9.84229 

5 9.84 242 

6 9.84 235 

7 9.84209 
9.84282 
9.84295 


on 

9 

110 

11 

12 

13 

14 

15 

16 

17 

18 
119 

20 
121 
I 22 

1 23 
I 24 
25 
126 

27 

28 
I 29 

130 

131 

132 

133 

134 
35 

136 

371 

38 

I 39 

40 

141 

42 

43 

144 

145 

146 

47 

48 
149 1 

50 

51 
152 

53 

154 

155 

156 

157 

158 

159 

160 


9.84308 
9.84321 
9.84 334 
9.84 347 
9.84 360 
9.84373 
9.84 385 
9.84398 
9.84411 
9.84 424 

9.84 437 
9.84450 
9.84463 
9.84 476 
9.84 489 
9.84502 
9.84515 
9.84528 
9.84 540 
9.84 553 
9.84566 
9.84 579 
9.84592 
9.84 605 
9.84 618 
9.84630 
9.84643 
9.84 656 
9.84669 
9.84 682 
9.84 694 
9.84 707 
9.84 720 
9.84733 
9.84 745 
9.84 758 
9.84 771 
9.84 784 
9.84 796 
9.84809 
9.84 822 
9.84 835 
9.84 847 
9.84 860 
9.84873 
9.84885 
9.84 898 
9.84 911 
9.84 923 
9.84936 
9.84 949 


I L Cos I 


„ 9.98484 
J 3 9.98 509 
} 3 9.98534 20 

9.98 560 2b 
9.98585 

\ 3 9.98610 ° 

13 9.98635 25 
} 4 9.98661 26 
} 3 9.98 686 25 
9.98711 25 

I 9.98737 
J 3 9.98 762 2o 
13 9.98787 2j> 
13 9.98 812 
} 3 9.98 838 2b 

* 9.98 863 It 
}2 9.98 888 25 

13 9.98 913 2j> 

J 3 9.98 939 26 

J 3 9.98 964 2o 

Jg 9.98989 l 
*3 9.99 015 f® 
J? 9.99040 " 
" 9.99005 25 

9.99 090 


r 10.01516 9.85 693 
‘j 10.01491 9.85 681 
i 10.01466 9.85 669 
? 10.01440 9.85 657 
’ 10.01415 9.85 645 


m 


9.99116 „ r 
„ 9.99141 2 -> 
9.99106 l-i 
\ 2 9.99191 f 

3 9 ' 99 217 35 

1a 9.99 242 
} 3 9.99 267 ?5 

J 3 9.99 293 26 

J 3 9.99 318 25 

12 9 -" 343 25 

9.99 368 

J3 9.99394 ?® 
“ 9.99419 l b 
J? 9.99444 f. 
2 9.99469 £ 
9.99495 
9.99520 2 ® 
15 9.99545 ?? 

12 9.99 570 

H 9.99 596 26 

13 9.99 621 f 
) 3 9.99 646 25 

J 3 9.99 672 26 

}2 9.99 697 25 
} 3 9.99 722 25 
,, 9.99747 
J? 9.99773 2 ® 
J 2 9.99 798 ?5 
J® 9.99 823 2 ? 
} l 9.99848 “ 
l 9.99874 ?! 
J" 9.99 809 2 ® 
I® 9.99 924 |® 
l 2 9.99949 f. 
15 9.99 975 


d I L Ctn I cd 


10.01390 9.85 632 
10.01365 9.85 620 
10.01339 9.85 608 
10.01314 9.85 596 
10.01289 9.85 583 
10.01263 9.85 571 
10.01238 9.85 559 
10.01213 9.85 547 
10.01188 9.85 534 
10.01162 9.85 522 
10.01137 9.85 510 
10.01112 9.85 497 
10.01087 9.85 485 
10.01061 9.85 473 
10.01036 9.85 460 
10.01011 9.85448 
10.00 985 9.85 436 
10.00 960 9.85423 
10.00 935 9.85 411 
10.00 910 9.85 399 
10.00 884 9.85 386 
10.00 859 9.85 374 
10.00 834 9.85 361 
10.00 809 9.85 349 
10.00 783 9.85 337 
10.00 758 9.85 324 
10.00 733 9.85 312 
10.00 707 9.85 299 
10.00 682 9.85 287 
10.00 657 9.85 274 
10.00 632 9.85 262 
10.00 606 9.85 250 
10.00 581 9.85 237 
10.00 556 9.85 225 
10.00 531 9.85 212 


10.00 505 
10.00480 
10.00 455 
10.00430 
10.00404 
10.00 379 
10.00354 
10.00 328 
10.00303 
10.00278 
10.00 253 
10.00 227 
10.00 202 
10.00177 
10.00152 
10.00 126 
10.00 101 
10.00076 
10.00051 
10.00025 
10.00000 


L Tan 


26 25 

2 5.2 5.0 

3 7.S 7.5 

4 10.4 10.0 

5 13.0 12.5 

6 15.6 15.0 

7 18.2 17.5 

8 20.8 20.0 

9 23.4 22.5 


14 13 

2 2.8 2.6 

3 4.2 3.9 

4 5.6 5.2 

5 7.0 6.5 

6 8.4 7.8 

7 9.8 9.1 

8 11.2 10.4 

9 12.6 11.7 


9.85 200 
9.85 187 
9.85 175 
9.85 162 
9.85 150 
9.85^37 
9.85 125 
9.85 112 
9.85 100 
9.85 087 
9.85 074 
9.85 062 
9.85 049 
9.85037 
9.85 024 
9.85 012 
9.84 999 
9.84 986 
9.84 974 
9.84 961 
9.84 949 


I L Sin I 


From, the top: 

For 44° + or 224° + , 
read as printed; for 
134° + or 314° + , read 
co-function. 

From the bottom: 

For 45° + or225° + , 
read as printed; for 
136° + or316°+read 
co-function. 


I d I ' I Prop. Pts. 


45° — Logarithms of Trigonometric Functions 












Correction in Feet from 100 Feet 

(100) (Yersin 


fc 

a 


3 

a 


B 

OS 

3 

I 

22 

P« V 

H I 

8,1 

t/^ 53 

O o 
** 2 


? 7 

03 O OC t-O 

cs *-* 05 h* :© oo 
ooeaocie 
H* - 1 * -* -J* Tji h* 

K^CN © 

© 03 X xi- 

qqqqq 

uioicu: IQ 

H« 03 rH©a 0 

00^00 

•5 «: i /5 iQ iQ 

© in 05 03 © 

sssss 

»(5 i( 51*5 iQ i (5 

OOCtCXq 

£• ffi — 0 C O 
qqqqq 

1(5 1*5 1 * d i *5 

o 

N 

CN^HKW 

N»OCJM «5 

CO CO q q; q| q 

-* H< H< -i* -* -* 

NQS'fH 

't’li’f 

O t© X -* 00 
tf? »- O rH 04 
iQiQiQO® 

H* - 1 *-*- 1 * 

to x —h cs to 

qqqqil 

H* 1 * 1 * -«i —* 

asgys 

3 - 3 - 3 - l- q 
-»* -r -t -c -i* 

o 

to 

T-t 

0 - 0001 x 1/5 
00 00 $ c. B O 

CO 00 CO 00 05 CO 

HN«r .(8 

h-XC«-HC 0 

qc. 5 qq 

eex-i*-*-* 

4.052 

4.069 

4 . 0 S 5 

4.102 

4.118 

4.135 

4.151 

4.168 

4 . 1 S 4 

4.201 

or -t**- ar x 
— wi*: tc X 
q ?3 q T 3 q 

H< -#< H* -r 

o 

O 

H 

- 1 * q -* ** -* N* 

CO 05 05 05 05 CO 

83 S 38 

q q >o x q 
CO CO CO 00 00 

iQOChn 

3 - O © 03 05 
«5 1(5 to to q 

05 05 05 05 00 

05 JT -f CS »(5 

If? to r Cs -h 
qqqqiN. 
05 05 05 05 05 

HNCiar»c 

X H* © 1 - CS 

3 - 3 - 3 - 3 - 3 - 

co ?o eo eo eo 

o 

»H 

© o cs x i- *h 

OlOOOOO 
oi oi oi 05 05 05 

XOqOOM 

OSGCfflH 

oqqoH 
CO 00 CO 00 00 * 

3.127 

3.142 

3.156 

3.171 

3.185 

3.200 

3.214 

3.229 

3.244 

3.258 

cojl coooq 
ki o * 8 x e ? 
eoeo ■ 5 x to " 

o 

P 5 

ntooioitoa 

tD 3 -CTO — 03 
1/5 K 5 1(5 to tC © 
ci oi oi oi oi oi 

NICON© 

-»* »o to or 3 s 
to to to to to 
oi oi oi oi oi 

S88S3 

NSNNN 

oi oi oi oi oi 

£8323 

t - i-aoac 'so 

03 03 03 03 03 

SSR !?8 

oc uc q x cs 
oi oi oi oi oi 

o 

CS| 

hh^(NN(N 

oi oi oi oi (oi oi 

oo-*Xi( 3 ao 
lOt-OO CJ o 

OJWNNW 

oi oi oi oi oi 

2.320 

2.333 

2.315 

2.358 

2.370 

2 383 

2.396 

2 . 40 S 

2.421 

2.434 

- OH *-- -0 
oi oi 03 oi oi 

oTI 

t>.ooo»-<oieo 
CO q to 3 - oc o 
or ob oo oo «c co 

HHHHHH 

1.904 

1.916 

1.927 

1.939 

1.950 

rHXqtOQO 

ci-otco 

qqqqq 

fH H rH rH 03 

©rH 03 -ftO 

i-< 05 -fiOp 

ooooq 

03 oi oi 03 03 

ooq-*xx 

oi oi 03 oi oi 

b 

28 x 882 
1/5 i (5 K 5 K 5 » f 5 «5 

HHHHHH 

QHHhN 

00 0 Q*h 03 

q q q to q 

HHHHH 

03 05 05-010 

X q *o to fN 
qqqqq 

HHrH—Hr-ir-i 

1.685 

1.696 

1.706 

1.717 

1.728 

1.739 

1.750 

1.760 

1.771 

1.782 

b 

-*© 00003 - 

qqqqqq 

rH »-«iH »-"l rH iH 

qqqqq 

rH »H 1 >H »H »H 

CO 05 03 03 *H 

qqqqq 

HHHHH 

1.381 

1.391 

1.400 

1.410 

1.420 

Q OS Cs CS Cs 
wn-fioto 
h*h* q -»; hj 

HHHHH 

§0 

0.973 

0.981 

0.989 

0.998 

1.006 

1.014 

1.022 

1.031 

1.039 

1.047 

1.056 

1.064 

1.073 

1.081 

1.090 

1.098 

1.107 

1.116 

1.124 

1.133 

1.142 

1.151 

1.159 

1.168 

1.177 

1 . 1 S 6 

o 

r- 

0.745 

0.752 

0.760 

0.767 

0.774 

0.781 

0.789 

0.796 

0.803 

0.811 

0.818 

0.825 

0.833 

0.840 

0.848 

0.856 

0.863 

0.871 

0.878 

0.886 

0.894 

0.902 

0.909 

0.917 

0.925 

0.933 

tb 

Q 0 ' 1 !Sfi NO: ' 

SSSS'qfc 

doddod 

0.585 

0.591 

0.598 

0.604 

0.610 

0.617 

0.623 

0.630 

0.636 

0.643 

0.649 

0.656 

0.663 

0.669 

0.676 

0.683 

0.690 

0.697 

0.703 

0.710 

b 

alllsS 

oddddo 

0.412 

0.417 

0.422 

0.428 

0.433 

oc -f os io o 

ddddo 

0.466 

0.472 

0.477 

0.483 

0 . 4 S 9 

0.494 

0.500 

0.506 

0.512 

0 . 51 S 

b 

0.244 

0.248 

0.252 

0.256 

0.260 

0.264 

OS 05 In. iH t© 

oi-Noen 
03 03 N OI OI 

ddddo 

82328 

ddddo 

0.313 

0.317 

0.322 

0.327 

0.332 

oodod 

CO 

r-oxtoox 
x -r 

HHHHHH 

oddddo 

0.156 

0.159 

0.162 

0.166 

0.169 

0.173 

0.176 

0.179 

0.183 

0.187 

0.190 

0.194 

0.197 

0.201 

0.205 

0.208 

0.212 

0.216 

0.220 

0.224 

b 

0.061 

0.063 

0.065 

0.067 

0.069 

0.071 

0.074 

0.076 

0.078 

0.081 

0.083 

0.085 

0 . 0 S 8 

0.090 

0.093 

0.095 

0 . 09 S 

0.100 

0.103 

0.106 

0.108 

0.111 

0.114 

0.117 

0.119 

0.122 

o 

S2G28S 

oooooo 

dooddo 

01 05 -t* ® 3 - 
03 03 03 OI 03 

ooqqq 

ddddo 

0.028 

0.030 

0.031 

0.033 

0.034 

0.036 

0.037 

0.039 

0.041 

0.042 

0.044 

0.046 

0 . 04 S 

0.049 

0.051 

°o 

oddddo 

0.001 

0.001 

0.001 

0.001 

0.002 

03 01 X X H« 
88888 
oodod 

0.004 

0.005 

0.005 

0.006 

0.007 

0.007 

0.008 

0.009 

0.010 

0.011 

- 

OC 4 '*«OQOO 

03 H«tDOC© 

HHHHN 

03 H*XOC© 
Ol 04 (N 01 X 

83883 

35338 
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52 0.011 0.053 0.125 0.228 0.361 0.524 0 717 0.941 1.195 1.479 1.793 2.137 2.511 2.914 3.347 I 3 M 0 4.302 4.823 5.373 

54 0.012 0.055 0.128 0.232 0.365 0.530 0.724 0.949 1.204 1.489 1.804 2.149 2 524 2.928 3.362 3 826 4.319 4.841 5.391 

56 0.013 0.057 0.131 0.236 0.370 0.536 0.731 0.957 1.213 1.499 1.815 2.161 2 537 2.942 3.377 » 3 842 4.336 4.858 5.410 

58 0.014 0.059 0.134 0 240 0.375 0.542 0.738 0.965 1.222 1.509 1.826 2.173 2.550 2.956 3.392 | 3 > 5 S 4.353 4.876 5.429 

60 0.015 0.061 0.137 0.244 0.381 0.548 0.745 0.973 1.231 1.519 1.837 2.185 2.563 2.970 3.407 3.874 4 . 37 ) 4 S 94 5.448 
































TABLE V 


Stadia Coefficients, Vertical Rod 

Hor. Dist. = H ** 100 cos* a * Diff. Elev. = V = 100(J4 sin 2a)* 


■ 

0‘ 



1° 

2 


3 

> 

1 

Hor. 

Diff. 

Hor. 

Diff. 

Hor. 

Diff. 

Hor. 

Dili. 

■ 

Dist. 

Elev. 

Dist. 

Elev. 

Dist. 

Elev. 

Dist. 

Elev. 

/ 

0 

100.00 

00.00 

99.97 

01.74 

99.88 

03.49 

99.73 

05.23 

2 

100.00 

00.06 

99.97 

01.80 

99.87 

03.55 

99.72 

05.28 

4 

100.00 

00.12 

99.97 

01.86 

99.87 

03.60 

99.71 

05.34 

6 

100.00 

00.17 

99.96 

01.92 

99.87 

03.66 

99.71 

05.40 

8 

100.00 

00.23 

99.96 

01.98 

99.86 

03.72 

99.70 

05.46 

10 

100.00 

00.29 

99.96 

02.04 

99.86 

03.78 

99.69 

05.52 

12 

100.00 

00.35 

99.96 

02.09 

99.85 

03.84 

99.69 

05.57 

14 

100.00 

00.41 

99.95 

02.15 

99.85 

03.90 

99.68 

05.63 

16 

1 )0.00 

00.47 

99.95 

02.21 

99.84 

03.95 

99.68 

05.69 

18 

100.00 

90.52 

99.95 

02.27 

99.84 

04.01 

99.67 

05.75 

20 

100.00 

00.58 

99.95 

02.33 

99.83 

04.07 

99.66 

05.80 

22 

100.00 

00.64 

99.94 

02.38 

99.83 

04.13 

99.66 

05.86 

24 

100.00 

00.70 

99.94 

02.44 

99.82 

04.18 

99.65 

05.92 

26 

99.99 

00.76 

99.94 

02.50 

99.82 

04.24 

99.64 

05.98 

28 

99.99 

00.81 

99.93 

02.56 

99.81 

04.30 

99.63 

06.04 

30 

99.99 

00.87 

99.93 

02.62 

99.81 

04.36 

99.63 

06.09 

32 

99.99 

00.93 

99.93 

02.67 

99.80 

04.42 

99.62 

06.15 

34 

99.99 

00.99 

99.93 

02.73 

99.80 

04.48 

99.62 

06.21 

36 

99.99 

01.05 

99.92 

02.79 

99.79 

04.53 

99.61 

06.27 

38 

99.99 

01.11 

99.92 

02.85 

99.79 

04.59 

99.60 

06.33 

40 

99.99 

01.16 

99.92 

02.91 

99.78 

04.65 

99.59 

C6.38 

42 

99.99 

01.22 

99.91 

02.97 

99.78 

04.71 

99.59 

06.44 

44 

99.98 

01.28 

99.91 

03.02 

99.77 

04.76 

99.58 

06.50 

46 

99.98 

01.34 

99.90 

03.08 

99.77 

04.82 

99.57 

06.56 

48 

99.98 

01.40 

99.90 

03.14 

99.76 

04.88 

99.56 

06.61 

60 

99.98 

01.45 

99.90 

03.20 

99.76 

04.94 

99.56 

06.67 

52 

99.98 

01.51 

99.89 

03.26 

99.75 

04.99 

99.55 

06.73 

54 

99.98 

01.57 

99.89 

03.31 

99.74 

05.05 

99.54 

06.78 

56 

99.97 

01.63 

99.89 

03.37 

99.74 

05.11 

99.53 

06.84 

58 

99.97 

01.69 

99.88 

03.43 

99.73 

05.17 

99.52 

06.90 

60 

99.97 

01.74 

99.88 

03.49 

99.73 

05.23 

99.51 

06.96 


•Seepages 163, 164, 165 
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V] 


Stadia Coefficients, Vertical Rod 


» 

0 

99.51 

06.96 

99.24 

08.68 

98.91 

10.40 

2 

99.51 

07.02 

99.23 

08.74 

98.90 

10.45 

4 

99.50 

07.07 

99.22 

08.80 

98.88 

10.51 

6 

99.49 

07.13 

99.21 

08.85 

98.87 

10.57 

8 

99.48 

07.19 

99.20 

08.91 

98.80 

10.62 

10 

99.47 

07.25 

99.19 

08.97 

98.85 

10.68 

12 

99.46 

07.30 

99.18 

09.03 

98.83 

10.74 

14 

99.46 

07.36 

99.17 

09.08 

98.82 

10.79 

16 

99.45 

07.42 

99.16 

09.14 

98.81 

10.85 

18 

99.44 

07.48 

99.15 

09.20 

98.80 

10.91 

20 

99.43 

07.53 

99.14 

09.25 

98.78 

10.96 

22 

99.42 

07.59 

99.13 

09.31 

98.77 

11.02 

24 

99.41 

07.65 

99.11 

09 37 

98.70 

11.08 

26 

99.40 

07.71 

99.10 

09.43 

98.74 

11.13 

28 

99.39 

07.76 

99.09 

09.48 

98 . 7 ^ 

11.19 

30 

99.38 

07.82 

99.08 

09.54 

98.72 

11.25 

32 

99.38 

07.88 

99.07 

09.60 

98.71 

11.30 

34 

99.37 

07.94 

99.06 

09.65 

98.69 

11.36 

36 

99.36 

07.99 

99.05 

09.71 

98.68 

11.42 

38 

99.35 

08.05 

99.04 

09.77 

98.67 

11.47 

40 

99.34 

08.11 

99.03 

09.83 

98.65 

11.53 

42 

99.33 

08.17 

99.01 

09.88 

98.64 

11.59 

44 

99.32 

08.22 

99.00 

09.94 

98.63 

11.64 

46 

99.31 

08.28 

98.99 

10.00 

98.61 

11.70 

48 

99.30 

08.34 

98.98 

10.05 

98.60 

11.76 

50 

99.29 

08.40 

98.97 

10.11 

98.58 

11.81 

52 

99.28 

08.45 

98.96 

10.17 

98.57 

11.87 

54 

99.27 

08.51 

98.94 

10.22 

98.56 

11.93 

56 

99.26 

08.57 

98.93 

10.28 

98.54 

11.98 

58 

99.25 

08.63 

98.92 

10.34 

98.53 

12.04 

60 

99.24 

08.68 

98.91 

10.40 

98.51 

12.10 


98.50 

12.15 

98.48 

12.21 

98.47 

12.26 

98.46 

12.32 

98.44 

12.38 

98.43 

12.43 











8 ° 

9 ° 

10 

° 

11 

0 


Hor. 

Diff. 

Hor. 

Diff. 

Hor. 

Diff. 

Hor. 

Diff. 


Dist. 

Elev. 

Dist. 

Elev. 

Dist. 

Elev. 

Dist. 

Elev. 

/ 

0 

98.06 

13.78 

97.55 

15.45 

96.98 

17.10 

96 36 

18.73 

2 

98.05 

13.84 

97.53 

15.51 

96.96 

17.16 

96.34 

18.78 

4 

98.03 

13.89 

97.52 

15.56 

96.94 

17.21 

96 32 

18.84 

6 

98.01 

13.95 

97.50 

15.62 

96.92 

17.26 

96.29 

18.89 

8 

98.00 

14.01 

97.48 

15.67 

96.90 

17.32 

96.27 

18.95 

10 

97.98 

14.06 

97.46 

15.73 

96.88 

17.37 

96.25 

19.00 

12 

97.97 

14.12 

97.44 

15.78 

96.86 

17.43 

96.23 

19.05 

14 

97.95 

14.17 

97.43 

15.84 

96.84 

17.48 

96.21 

19.11 

16 

97.93 

14.23 

97.41 

15.89 

96.82 

17.54 

96.18 

19.16 

18 

97.92 

14.28 

97.39 

15.95 

96.80 

17.59 

96.16 

19.21 

20 

97.90 

14.34 

97.37 

16.00 

96.78 

17.65 

96.14 

19.27 

22 

97.88 

14.40 

97.35 

16.06 

96.76 

17.70 

96.12 

19.32 

24 

97.87 

14.45 

97.33 

16.11 

96.74 

17.76 

96.09 

19.38 

26 

97.85 

14.51 

97.31 

16.17 

96.72 

17.81 

96.07 

19,43 

28 

97.83 

14.56 

97.29 

16.22 

96.70 

17.86 

96.05 

19.48 

30 

97.82 

14.62 

97.28 

16.28 

96.68 

17.92 

96.03 

19.54 

32 

97.80 

14.67 

97.26 

16.33 

96.66 

17.97 

96.00 

19.59 

34 

97.78 

14.73 

97.24 

16.39 

96.64 

18.03 

95.98 

19.64 

36 

97.76 

14.79 

97.22 

16.44 

96.62 

18.08 

95.96 

19.70 

38 

97.75 

14.84 

97.20 

16.50 

96.60 

18.14 

95.93 

19.75 

40 

97.73 

14.90 

97.18 

16.55 

96.57 

18.19 

95.91 

19.80 

42 

97.71 

14.95 

97.16 

16.61 

96.55 

18.24 

95.89 

19.86 

44 

97.69 

15.01 

97.14 

16.66 

96.53 

18.30 

95.86 

19.91 

46 

97.68 

15.06 

97.12 

16.72 

96.51 

18.35 

95.84 

19.96 

48 

97.66 

15.12 

97.10 

16.77 

96.49 

18.41 

95.82 

20.02 

50 

97.64 

15.17 

97.08 

16.83 

96.47 

18.46 

95.79 

20.07 

52 

97.62 

15.23 

97.06 

16.88 

96.45 

18.51 

95.77 

20.12 

54 

97.61 

15.28 

97.04 

16.94 

96.42 

18.57 

95.75 

20.18 

56 

97.59 

15.34 

97.02 

16.99 

96.40 

18.62 

95.72 

20.23 

58 

97.57 

15.40 

97.00 

17.05 

96.38 

18.68 

95.70 

20.28 


60 


97.65 15.45 


96.98 17.10 


96.36 18.73 


95.68 20.34 








Stadia Coefficients, Vertical Rod 
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12 ° 

13 ° 

14 ° 

15 ° 

Hor . 

Diff. 

Ilor. 

Diff. 

Hor. 

Diff. 

Hor. 

DifT. 

Dist. 

Elev. 

Dist. 

Elev. 

Dist. 

E*ov. 

Dist. 

Elev. 

95.68 

20.34 

94.94 

21.92 

94.15 

23.47 

93.30 

25.00 

95.65 

20.39 

94.91 

21.97 

94.12 

23.52 

93.27 

25.05 

95.63 

20.44 

94.89 

22.02 

94.09 

23.58 

93.24 

25.10 

95.61 

20.50 

94.86 

22.08 

94.07 

23.63 

93.21 

25.15 

95.58 

20.55 

94.84 

22.13 

94.04 

23.68 

93.18 

25.20 

95.56 

20.60 

9 * 1.81 

22.18 

94.01 

23.73 

93.16 

25.25 

95.53 

20.66 

94.79 

22.23 

93.98 

23.78 

93.13 

25.30 

95.51 

20.71 

94.76 

22.28 

93.95 

23.83 

93.10 

25.35 

95.49 

20.76 

94.73 

22.34 

93.93 

23.88 

93.07 

25.40 

95.46 

20.81 

94.71 

22.39 

93.90 

23.93 

93.04 

25.45 

95.44 

20.87 

94.68 

22.44 

93.87 

23.99 

93.01 

25.50 

95.41 

20.92 

94.66 

22.49 

93.84 

24.04 

92.98 

25.55 

95.39 

20.97 

94.63 

22.54 

93.81 

24.09 

92.95 

25.60 

95.36 

21.03 

94.60 

22.60 

93.79 

24.14 

92.92 

25.65 

95.34 

21.08 

94.58 

22.65 

93.76 

24.19 

92.89 

25.70 

95.32 

21.13 

94.55 

22.70 

93.73 

24.24 

92.86 

25.75 

95.29 

21.18 

94.52 

22.75 

93.70 

24.29 

92.83 

25.80 

95.27 

21.24 

94.50 

22.80 

93.67 

24.34 

92.80 

25.85 

95.24 

21.29 

94.47 

22.85 

93.65 

24.39 

92.77 

25.90 

95.22 

21.34 

94.44 

22.91 

93.62 

24.44 

92.74 

25.95 

95.19 

21.39 

94.42 

22.96 

93.59 

24.49 

92.71 

26.00 

95.17 

21.45 

94.39 

23.01 

93.56 

24.55 

92.68 

26.05 

95.14 

21.50 

I 94.36 

23.06 

93.53 

24.60 

92.65 

26.10 

95.12 

21.55 

94.34 

23.11 

93.50 

24.65 

92.62 

26.15 

95.09 

21.60 

94.31 

23.16 

93.47 

24.70 

92.59 

26.20 

95.07 

21.66 

94.28 

23.22 

93.45 

24.75 

92.56 

26.25 

95.04 

21.71 

94.26 

23.27 

93.42 

24.80 

92.53 

26.30 

95.02 

21.76 

94.23 

23.32 

93.39 

24.85 

92.49 

26.35 

94.99 

21.81 

94.20 

23.37 

93.36 

24.90 

92.46 

26.40 

94.97 

21.87 

94.17 

23.42 

93.33 

24.95 

92.43 

26.45 

94.94 

21.92 

94.15 

23.47 

93.30 

25.00 

92.40 

26.50 
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Stadia Coefficients, Vertical Rod 


IV 



16 

0 

17 

0 

IS 

0 

19 ° 


Hor. 

Diff. 

Hor. 

Diff. 

Hor. 

Diff. 




Dwt. 

Elev. 

Diat. 

Elev. 

Dist. 

Elev. 



/ 

0 

92.40 

26.50 

91.45 

27.96 

90.45 

29.39 

89.40 

30.78 

2 

92.37 

26.55 

91.42 

28.01 

90.42 

29.44 

89.36 

30.83 

4 

92.34 

26.59 

91.39 

28.06 

90.38 

29.48 

89.33 

30.87 

6 

92.31 

26.64 

91.35 

28.10 

90.35 

29.53 

89.29 

30.92 

8 

92.28 

26.69 

91.32 

28.15 

90.31 

29.58 

89.26 

30.97 

10 

92.25 

26.74 

91.29 

28.20 

90.28 

29.62 

89.22 

31.01 

12 

92.22 

26.79 

91.26 

28.25 

90.24 

29.67 

89.18 

31.06 

14 

92.19 

26.84 

91.22 

28.30 

90.21 

29.72 

89.15 

31.10 

16 

92.15 

26.89 

91.19 

28.34 

90.18 

29.76 

89.11 

31.15 

18 

92.12 V 

26.94 

91.16 

28.39 

90.14 

29.81 

89.08 

31.19 

20 

92.09 

26.99 

91.12 

28.44 

90.11 

29.86 

89.04 

31.24 

22 

92.06 

27.04 

91.09 

28.49 

90.07 

29.90 

89.00 

31.28 

24 

92.03 

27 09 

91.06 

28.54 

90.04 

29.95 

88.96 

31.33 

26 

92.00 

27.13 

91.02 

28.58 

90.00 

30.00 

88.93 

31.38 

28 

91.97 

27.18 

90.99 

28.63 

89.97 

30.04 

88.89 

31.42 

30 

91.93 

27.23 

90.96 

28.68 

89.93 

30.09 

88.86 

31.47 

32 

91.90 

27.28 

90.92 

28.73 

89.90 

30.14 

88.82 

31.51 

34 

91.87 

27.33 

90.89 

28.77 

89.86 

30.19 

88.78 

31.56 

36 

91.84 

27.38 

90.86 

28.82 

89.83 

30.23 

88.75 

31.60 

38 

91.81 

27.43 

90.82 

28.87 

89.79 

30.28 

88.71 

31.65 

40 

91.77 

27.48 

90.79 

28.92 

89.76 

30.32 

88.67 

31.69 

42 

91 74 

27.52 

90.76 

28.96 

89.72 

30.37 

88.64 

31.74 

44 

91.71 

27.57 

90.72 

29.01 

89.69 

30.41 

88.60 

31.78 

46 

91.68 

27.62 

90.69 

29.06 

89.65 

30.46 

88.56 

31.83 

48 

91.65 

27.67 

90.66 

29.11 

89.61 

30.51 

88.53 

31.87 

50 

91.61 

27.72 

90.02 

29.15 

89.58 

30.55 

88.49 

31.92 

52 

91.58 

27.77 

90.59 

29.20 

89.54 

30.60 

88.45 

31.96 

54 

91 55 

27.81 

90.55 

29.25 

89.51 

30.65 

88.41 

32.01 

56 

91.52 

27.86 

90.52 

29.30 

89.47 

30.69 

88.38 

32.05 

58 

91.48 

27.91 

90.48 

29.34 

89.44 

30.74 

88.34 

32.09 

60 

91.45 

27.96 

90 45 

29.39 

89.40 

30.78 

88.30 

32.14 
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Stadia Coefficients, Vertical Rod 


97 


1 

20 

o 

21 

o 

22 

0 

23 

0 

■ 

Hor. 

Diff. 

llor. 

Diff. 

Hor. 

Diff. 

Hor. 

Diff. 

■ 

I)lht. 

Elcv. 

Dint. 

Kiev. 

DU. 

Kiev. 

Dixt. 

Kiev. 

/ 

0 

88.30 

32.14 

87.16 

33.46 

85.97 

34.73 

84.73 

35.97 

2 

88.26 

32.18 

87.12 

33.50 

85 . 1)3 

34.77 

84.69 

36.01 

4 

88.23 

32.23 

87.08 

33.54 

85.89 

34.82 

84.65 

36.05 

6 

88.19 

32.27 

87.04 

33.59 

85.85 

34.86 

84.61 

36.09 

-8 

88.15 

32.32 

87.00 

33.63 

85.80 

34.90 

84.57 

36.13 

10 

88.11 

32.36 

86.96 

33.67 

85.76 

34.94 

84.52 

36.17 

12 

88.08 

32.41 

86.92 

33.72 

85.72 

34.98 

84.48 

30.21 

14 

88.04 

32.45 

86.88 

33.70 

85.68 

35.02 

* 4.44 

36.25 

16 

88.00 

32.49 

86.84 

33.80 

85.64 

35.07 

S 4.40 

36.29 

18 

87.96 

32.54 

86.80 

33.84 

85.00 

35.11 

84.35 

36.33 

20 

87.93 

32.58 

86.77 

33.89 

85.56 

35.15 

84.31 

36.37 

22 

87.89 

32.63 

86.73 

33.93 

85.52 

35.19 

84.27 

36.41 

24 

87.85 

32.07 

80 . 6 !) 

33.97 

85.48 

35.23 

84.23 

36.45 

26 

87.81 

32.72 

86.65 

34.01 

85.44 

35.27 

84.18 

36.49 

28 

87.77 

32.76 

86.61 

34.06 

85.40 

35.31 

84.14 

36.53 

30 

87.74 

32.80 

86.57 

34.10 

85.36 

35.36 

84.10 

36.57 

32 

87.70 

32.85 

86.53 

34.14 

85.31 

35.40 

84.06 

36.61 

34 

87.66 

32.89 

86.49 

34.18 

85.27 

35.44 

84.01 

36.65 

36 

87.62 

32.93 

86.45 

34.23 

85.23 

35.48 

83.97 

36.69 

38 

87.58 

32.98 

86.41 

34.27 

85.19 

35.52 

83.93 

36.73 

40 

87.54 

33.02 

86.37 

34.31 

85.15 

35.56 

83.89 

36.77 

42 

87.51 

33.07 

86.33 

34.35 

85.11 

35.60 

83.84 

36.80 

44 

87.47 

33.11 

86.29 

34.40 

85.07 

35.64 

83.80 

36.84 

46 

87.43 

33.15 

86.25 

34.44 

85.02 

35.68 

83.76 

36.88 

48 

87.39 

33.20 

86.21 

34.48 

84.98 

35.72 

83.72 

36.92 

60 

87.35 

33.24 

8617 

34.52 

84.94 

35.76 

83.67 

36 96 

52 

87.31 

33.28 

86.13 

34.57 

84.90 

35.80 

83.63 

37.00 

54 

87.27 

33.33 

86.09 

34.61 

84.86 

35.85 

83.59 

37.04 

56 

87.24 

33.37 

86.05 

34.65 

84.82 

35.89 

83.54 

37.08 

58 

87.20 

33.41 

86.01 

34.69 

84.77 

35.93 

83.50 

37.12 

60 

87.16 

33.46 

85.97 

34.73 

84.73 

35.97 

83.40 

37.16 
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Stadia Coefficients, Vertical Rod 



24 

0 

25 

0 

26 

0 

27 

H 


Hor. 


Hor. 

Diff. 

Hor. 

Diff. 

Hoi. 

Diff. 


Dint . 

Elov. 

Dist. 

Kiev. 

Dist. 

Elov. 

Dist. 

Elov 

/ 

0 

83.46 

37.16 

82.14 

38.30 

80.78 

39.40 

79.39 

40.45 

2 

83.41 

37.20 

82.09 

38.34 

80.74 

39.44 

79.34 

40.^9 

4 

83.37 

37.23 

82.05 

38.38 

80.69 

39.47 

79.30 

40.52 

6 

83.33 

37.27 

82.01 

38.41 

80.65 

39.51 

79.25 

40.55 

8 

83.28 

37.31 

81.96 

38.45 

80.60 

39.54 

79.20 

40.59 

10 

83.24 

37.35 

81.92 

38.49 

80.55 

39.58 

79.15 

40.62 

12 

83.20 

37.39 

81.87 

38.53 

80.51 

39.61 

79.11 

40.66 

14 

83.15 

37.43 

81.83 

38.56 

80.46 

39.65 

79.06 

40.69 

16 

83.11 

37.47 

81.78 

38.60 

80.41 

39.69 

79.01 

40.72 

18 

83.07 

37.51 

81.74 

38.64 

80.37 

39.72 

78.96 

40.76 

20 

83.02 

37.54 

81.69 

38.67 

80.32 

39.76 

78.92 

40.79 

22 

82.98 

37.58 

81.65 

38.71 

80.28 

39.79 

78.87 

40.82 

24 

82.93 

37.62 

81.60 

38.75 

80.23 

39.83 

78.82 

40.86 

26 

82.89 

37.66 

81.50 

38.78 

80.18 

39.86 

78.77 

40.89 

28 

82.85 

37.70 

81.51 

38.82 

80.14 

39.90 

78.73 

40.92 

30 

82.80 

37.74 

81.47 

38.86 

80.09 

39.93 

78.68 

40.96 

32 

82.76 

37.77 

81.42 

38.89 

80.04 

39.97 

78.63 

40 99 

34 

82.72 

37.81 

81.38 

38.93 

80.00 

40.00 

78.58 

41.02 

36 

82.67 

37.85 

81.33 

38.97 

79.95 

40.04 

78.54 

41.06 

38 

82.63 

37.89 

81.28 

39.00 

79.90 

40.07 

78.49 

41.09 

40 

82.58 

37.93 

81.24 

39.04 

79.86 

40.11 

78.44 

41.12 

42 

82.54 

37.96 

81.19 

39.08 

79.81 

40.14 

78.39 

41.16 

44 

82.49 

38.00 

81.15 

39.11 

79.76 

40.18 

78.34 

41.19 

46 

82.45 

38.04 

81.10 

39.15 

79.72 

40.21 

78.30 

41.22 

48 

82.41 

38.08 

81.06 

39.18 

79.67 

40.24 

78.25 

41.26 

50 

82.36 

38.11 

81.01 

39.22 

79.62 

40.28 

78.20 

41.29 

52 

82.32 

38.15 

80.97 

39.26 

79.58 

40.31 

78.15 

41.32 

54 

82.27 

38.19 

80.92 

39.29 

79.53 

40 35 

78.10 

41.35 

56 

82.23 

38.23 

80.87 

39.33 

79.48 

40.38 

78.06 

41.39 1 

58 

82.18 

38.26 

80.83 

39.36 

79.44 

40.42 

78.01 

41.42 

60 

82.14 

38.30 

80.78 

39.40 

79 39 

40.45 

77.96 

41.45 





TABLE VI 

Convergence of Meridians, Six Miles Long and Six 


Miles Apart, and Din 


Lat. 

C*ONVKH«KNCY 

On the 
Parallel 

Angle 

° 

Lies. 

/ 

n 

25 

33.0 

2 

25 

20 

35.4 

2 

32 

27 

37.0 

2 

39 

28 

38.0 

2 

40 

20 

40.2 

2 

53 

30 

41.0 

3 

0 

31 

43.0 

3 

7 

32 

45.1 

3 

15 

33 

47.2 

3 

23 

34 

49.1 

3 

30 

35 

50.0 

3 

38 

30 

52.7 

3 

40 

37 

54.7 

3 

55 

38 

50.8 

4 

4 

30 

5S.N 

1 

13 

40 

00.0 

4 

22 

4 1 

03.1 

4 

31 

42 

05.4 

4 

41 

43 

07.7 

1 

51 

44 

70.1 

5 

1 

45 

72.6 

5 

12 

40 

75.2 

5 

23 

47 

77.N 

5 

34 

48 

80.6 

5 

40 

49 

83.5 

5 

59 

50 

80.4 

6 

12 

51 

80.6 

0 

25 

52 

92.8 

6 

39 

53 

00.2 

6 

54 

54 

09.8 

7 

9 

55 

103.5 

7 

25 

56 

107.5 

7 

42 

57 

111.0 

8 

0 

58 

116.0 

8 

19 

59 

120.6 

8 

38 

60 

125.5 

8 

50 

61 

130.8 

9 

22 

62 

136.3 

9 

40 

63 

142.2 

10 

11 

64 

148.6 

10 

38 

65 

155.0 

11 

8 

66 

162.8 

11 

39 

67 

170.7 

12 

13 

68 

179.3 

12 

51 

69 

188.7 

13 

31 

70 

199.1 

14 

15 


1)1KK1 ltKNCK OK l.ONt.1- 
Ti*t»K w.i: Kanok 


Ill Arc 


5 14.34 
5 47.20 
5 50.22 
3 53.40 
5 50.74 

0 0.20 
0 3.07 

0 7.S7 

0 11.00 
0 10.20 

0 20.78 
0 25.53 
0 30.52 
0 35.70 
0 41.27 

0 47.00 
0 53.15 
0 50.50 
7 0.20 

7 13.30 

7 20.NO 
7 2N.74 
7 37.04 
7 45.NO 

7 55.05 

8 4.83 
N 15.17 
N 20.13 
N 37.75 
N 50.07 

0 3. IN 

9 17.12 
9 31.07 
0 47.83 

10 4.78 

10 22.94 

10 42.42 

11 3.38 
11 25.97 

11 50.37 

12 10.82 

12 45.55 

13 10.88 

13 51.15 

14 28.77 

15 10.20 


In Time* 


»s« co nth 
22.00 
23.15 
23.35 
23.50 
23.78 

21.02 

21.20 

24.52 
21.80 
25.08 

25.30 
25.70 
20.03 
20.38 
20.75 

27.14 
27.54 
27.07 
28.12 
28.80 

20.30 
20.02 
30.47 
31.05 
31.07 

32.32 
33.03 
33.74 

31.52 
35.34 

30.22 

37.14 
38.13 
30.10 

40.32 

41.52 
42.83 

44.22 
45.73 

47.30 

49.12 
51.04 

53.12 
55.41 
57.92 

60.68 


DlKKKHKNCK OK I .ATI 
Tt’DK KOH— 


0.871 


0.871 


0.870 


0.800 


0.800 


0.808 


0.807 


0.866 


0.866 


0.866 


lTp. 


5.220 


5.225 


5.221 


5.216 


5.211 


5.207 


5.202 


5.198 


5.195 


5.193 
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TABLE VII 

Barometric Temperature Corrections 


For temperatures above 50° F. the values are to be added 
For temperatures below 50° F. the values are to be subtracted 


















































































Barometric Temperature Corrections 


For temperatures above 50° F. the values are to be added 
For temperatures below 50° F. the values are to be subtracted 


Difference of Readings In Feet 


9.9 

10.4 

10.8 

11.3 

11.5 

12.1 

12.6 

13.2 

13.2 

13.8 

14.5 

15.1 

14.8 

15.6 

16.3 

17.0 





19.9 20.7 21.6 
21.7 22.6 23.6 
23.5 24.5 25.5 
25.3 26.4 27.5 


28.9 

30.2 

31.4 

30.7 

32.1 

33.4 

32.5 

33.9 

35.3 

34.3 

35.8 

37.3 


28.0 29.7 31.3 33.0 34.6 36.3 

29.4 31.1 32.8 34.6 3G.3 38.0 

30.7 32.5 34.3 36.1 37.9 39.8 41.6 

32.1 33.9 35.8 37.7 39.0 41.5 43.4 



44.9 47.0 49.0 51.1 
4G.7 48.8 50.9 53.0 
48.4 50.6 52.8 55.0 
50.1 52.4 54.7 57.0 


46.3 48.7 51.1 53.6 56.0 58.4 

47.8 50.3 52.8 55.3 57.8 60.3 

49.3 51.9 54.4 57.0 59.6 1 62.2 

50.8 53.4 56.1 58.8 61.4 


48.1 50.9 53.7 56.6 59.4 62.2 65.1 67.9 

49.4 52.3 55.2 58.1 61.0 64.0 66.9 69.8 

50.8 53.7 56.7 59.7 62.7 65.7 68.7 71.7 
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Barometric Temperature Corrections 


[vii 


For temperatures above 50° F. the values are to be added 
For temperatures below 50° F. the values are to be subtracted 
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TABLE IX 


Trigonometric Formulas for the Solution of Plane 
Triangles 


Let A = angle BAC = arc BF t and let the radius AF *= AB AH ■» 1 
We then have 


sin A =BC 
cos .1 = AC 

tan A = 1)F 

otn A « HG 

sec -4 = Al> 

cosec A = AG 
versin -1 — C’F = BE 

covers A « BA’ = 11L 
exsec A — BI) 
coexsec A = 7'(7 
chord A = BF 
chord 2 A = 7*7 = 27?C 

In the right-angled triangle A7?r 

Let AT? = r, AC = b, and BC = a. 

We then have: 



sin A = - = eos B 


11. a = r sin A = b tan A 


COS A ss - as hill 5 

c 


12. = c coh A — a ctn A 


tan A — £ - ctn 7* 


ctn A = - = tan B 


14. a = c cos B *= b ctn B 


sec A = ^ = eohcc 5 


15. b => c sin B = a tan 7? 


cosec A = — = sec B 


’ cos B Min B 


— covers B 


17. a = V(c T fc)(c — 6) 


ex sec A = - 


18. b = V( c + «>(c — a ) 


covers A = 


versin B 


It), c — V a ^ H" 


. c - a „ 

cocxscc A = —~— - exsec B 


20. C «= 90° = A + £ 
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106 Trigonometric Formulas for the Solution of Plane [i\ 

Triangles 


s 



Given 


Sought 


Formula 


22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 


A, B, a 

A, a, b 

C, cl, b 


ci, 6, c 


A, B, C, a 


C t h, c 

ft, C, c 

KU+B) 
A(A - B) 
A , ft 


area 

A 


area 

area 


180° - (A + B), b 
a 


a 

1 hin A 


» ? ia B y 


sin B 


b t 


C - 180 c - (A + B), 
sin C. 


c = ——t sm (A + B) 
sm A 

sin A 
a 

a 

C ~ sin A 

l A(A + B) = 90 ° - y 2 c 

tan J«A -B) = £-=-£ tan A (A + B) 

A = H(A +B) + i 2 (A -B). 

B - i 2 (A +B) - ,4(A -*) 
cos -|- B) 

COS ^2 (A — #) 

= Va 2 -f b 2 — 2ab cos C 
area = } 2 a b sin C. 

Let s = H(o + b + c); 

Is — b) (« — c) 


(o + b); 


sin } 2 A * ^ 

v 

4 


be 


,„, /*(« - a ) 

cos KA = —gj— ; 

f (s - b)(s - c) 
#(s — a) 


tan A A 


cos A 
area * 
area = 


2V.s(s — 

a) (.9 — b) (s — c ) 


be 

52 + c* - a* 

2 be 



o 2 sin B. sin C 
2 sin A 
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Triangles 

Algebraic .signs of trigonometric functions in various quadrants. The radius 
is always -p. 


N + 




TABLE X 
Practice Notes 

Field notes are the records of the 
work done m the Feld and are usually kept 
on file for future re ference Such notes 
must be complete, neat, legible and with¬ 
out ambiguous statements 

!n recording Feld notes, students 
should-- 

/ Use a 4 H pencil. 

Z. Let ter notes carefully. This page is 
to be used as a guide for form, style, and 
height. 

3. Record Feld data m books m field, 
not on scratch paper 

4. Designate each problem by title 

5 Indicate party organization, date, 
weather conditions, and equipment used 

6 Index the field book 

7. Use plenty of space. Notes should not 
be crowded. 

8 Draw neat sketches, roughly to scale, 
important details exaggerated. 

9. Never erase entries m the field book. 
Corrections should be made by drawing a 
single line through the incorrect value 
and inserting the correct value above the 
erroneous one. 

10. Remember that office engineers will use 
the field note book. The data must therefore 
be complete and admit of but one interpre¬ 
tation. 


108 
























Computation of Apia of held ABCD 
3 Side method 


Practice Notes 
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A 


f 

SC 

'sj 


5 

«n 




* ^ 
1 v 5 > 


N-CVj V& 
NNN 
V ©* C >\* 


- 8 
5 & * 
8 } * § 
5 a v 


c\i hv W| 
«*\ 
'ON 
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% 

«*% 




«*» 

R 

«Vl 


if 1 

t\j 


O 

VO 

N. 

§ 


VA 

» 


N 


*> 

N«QO\ 

vd 

fV. 


«\iQ> «n 

M 

i 

'O 

VfcVfc 

'3 

CSj 


VJ 

<\J 


Party No . 




COMPUTATION OP AREA OF FIELD ABCD 
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Practice Notes 


a 


1 

* 

Sj 

fc 

•vi 

1 



* 

?* 


I 


fc 




•s' 

vi 


§ vS 


i 


i 


i 


$ 6 | > 


i 


o* ^ 

*S Os «0 

«o V 

«0 «0 

IV V« 

"n v 50 

Os ^ 

O Os V 

IV t*S 

N N s& 

csj tvi 

sri tv! cvj 

Os 

* 

'S. 

IV 


IV 

tv. 

M 

Os 

Os 

V 

• fs. 

CSi 

JSi 

VO 

vo 


s 

'ci 


55 ** 


s 


Party No. 




Computation or area or F/ElD ABCD 
ANCLE METHOD 


xi 


Practice Notes 
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<0 <0 
•0 *ft 

tVi 

^ Hi 

Q\ Cs* v. 

Cm 


9\ 

«\j 

Vfs so 

ov 

Ov 

rs 

*0 


^ VO 

«o 



K 


M> cm 

rv 


IS 



^ to 

a\ 

Cr> 


N* 

VO 

'ft ^ 

1^ 

is! 

0\ 

*\j 

*Vi 


Cs. 

<Vj 

3\ 


^ V ^ K , 

"g * ^ !$> •* 

'»?' N N 

Vfc ^ <\j 


«v £0 

Os • 

*Si Os N 
vft ^ <ft 


59 jo ^ 

^ ^ s 
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Party No 
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Practice Notes 
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Practice Notes 
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Q 



FIELD ABCD Name 

Scale hn =?OCft Party No 
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Practice Notes 
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Practice Notes 
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S' 
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ERROR OF CLOSURE, D.MD, AREA 

Ltne Latitude Departure Adjusted DMD Double Area 
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Practice Notes 


tx 


> 1^ 

a a 

t* 

®k $ 


<5 

<n 


<o «n 


Ok 

1 

*0 N 

tvi 

tfc 

^ <\j 

5- 

§ 


^ <0 
K 

«M fs 


rs 0\ 
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^ to 


S*. is. 

^ 

^ ^ «Vi 


tfc *0 *0 


0\ 

5 


O 


tO <0 ^ »* 
Ok ^ JO «£ 
^ N 5f I 
*o *s >» 


Ok «0 tfc 

Ui ol N s' 
Ok 

tV* tv* 


to «o ®o 

\* to t>0 

5: > 


'A 

JO 

t<> 


5 


$ 


to 


i 

to 

S 8 

*<> 


* 8 

55 

«o Ok 
tvi V 
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’h 
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«o 
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1 ^ 


5 §• §> ^ 

N4 V Nl VI 


Double Area 134380 96154 459361 4416 



X] 


Practice Notes 
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^ Vi Vi «*! Vi 

$ * $ 3 ? 5 * 

^ <NJ ^ 

S? V -V V 

»§ 


-K O ^ Q 

*3 V> pi £ «i vi 

i 58 5 " 

»$ * * 


^ ^ 'O V>! ^ 


M 'O *f\ «n 
^ ^ s ^ 

ft f. •'l 

<\l <\4 <i 

V ■V | 
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K 

VI 

Oi 


J5 3 * 

<*> 

fc 

S 


S! 


1 


<o 

-V 

1 

i 


'vj 
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5 

6 

Line 

5 


5 
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Name 
Party No. 



Area by Rectangular Coordinates 
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Practice Notes 
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Qi tvj ^ 

r»s Os 
^ 0\ 
^ «Si 
*1 
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% £ ^ * 


§ s? § 8; 

N ? 5 ^ 


^ 

^ ^ «0 0 \ 
> .**> ?*> 
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Practice Notes 
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Practice Notes 
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Practice Notes 
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TABLE XI 


Natural Sines and Cosines 


/ 

0 

o 

1 

o 

2 

o 

t 


Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 


"o" 

0 0000000 

1 0000000 

0 0174524 

0 9998477 

0 0348995 

0 9993908 

Eft! 

1 

0002909 

1 0000000 

0177412 

9998426 

0351902 

9993806 

59 

2 

0005818 

9999998 

0180341 

9998374 

0354809 

9993704 

58 

3 

0008727 

9999996 

0183249 

9998321 

0357716 

9993600 

57 

4 

0011636 

9999993 

0186158 

9998267 

0360623 

9993495 

56 

6 

0014544 

9999989 

0189066 

9998213 

0363530 

9993390 

55 

6 

0017453 

9999985 

0191974 

9998157 

0366437 

9993284 

54 

7 

0020362 

9999979 

0104883 

9998101 

0369344 

9993177 

53 

8 

0023271 

9999973 

0197791 

9998044 

0372251 

9993069 

52 

9 

0026180 

9999966 

0200699 

9997986 

0375158 

9992960 

51 

10 

0 0029089 

0 9999958 

0 0203608 

0 9997927 

0 0378065 

0 9992851 

50 

11 

0031998 

9999949 

0206516 

9997867 

0380971 

9992740 

49 

12 

0034907 

9999939 

0209424 

9997807 

0383878 

9992629 

48 

13 

0017815 

9999928 

0212332 

9997745 

0386785 

9992517 

47 

14 

0040724 

9999917 

0215241 

9997683 

0389692 

9992404 

46 

15 

0043633 

9999905 

0218149 

9997620 

0392598 

9992290 

45 

16 

0046542 

9999892 

0221057 

9997556 

0395505 

9992176 

44 

17 

0049451 

9999878 

0223965 

9997492 

0398411 

9992060 

43 

18 

0052360 

9999863 

0226873 

9997426 

0401318 

9991944 

42 

19 

0055268 

9999847 

0229781 

9997360 

0404224 

9991827 

41 

20 

0 0058177 

0 9999831 

0 0232690 

0 9997292 

0 0407131 

0 9991709 

40 

21 

0061086 

9999813 

0235598 

9997224 

0410037 

9991590 

39 

22 

0063995 

9999795 

0238506 

9997155 

0412944 

9991470 

38 

23 

0066904 

9993776 

0241414 

9997086 

0415850 

9991350 

37 

24 

0069813 

9999750 

0244322 

9997015 

0418757 

9991228 

36 

25 

0072721 

9999736 

0247230 

9996943 

0421663 

9991106 

35 

26 

0075610 

9999714 

0250138 

9996871 

0424569 

9990983 

34 

27 

0078539 

9999692 

0253046 

9996798 

0427475 

9990859 

33 

28 

0081448 

9999668 

0255954 

9996724 

0430382 

9990734 

32 

29 

0084357 

9999644 

0258862 

9996649 

0433288 

9990609 

31 


0 0087265 

0 9999619 

0 0261769 

0 9996573 

0 0436194 

0 9990482 

30 


0090174 

9999593 

0264677 

9996497 

0439100 

9990355 

29 


, 0093083 

, 9999567 

0267585 

9996419 

0442006 

9990227 

28 


0095992 

9999539 

0270493 

9996341 

0444912 

9990098 

27 


, 0098900 

9999511 

0273401 

9996262 

0447818 

0989968 

26 


0101809 

9999482 

0276309 

9996182 

0450724 

9989837 

25 


0104718 

9999452 

0279216 

9996101 

0453630 

9989706 

24 

37 

| 0107627 

9999421 

0282124 

9996020 

0456536 

9989573 

23 

38 

0110535 

9999389 

0285032 

9995937 

0459442 

9989440 

22 

39 

0113444 

9999357 

0287940 

9995854 

0462347 

9989306 

21 

40 

0 0116353 

0 9999323 

0 0290847 

0 9995770 

0 0465253 

0 9989171 

20 

41 

0119261 

99992S9 

0293755 

9995684 

0468159 

9989035 

19 


0122170 

9999254 

0296662 

9995599 

0471065 

9988899 

18 


0125079 

9999218 

0299570 

9995512 

0473970 

9988761 

17 

; f E 

0127987 

9999181 

0302478 

9995424 

0476876 

9988623 

16 

'j.M 

0130896 

9999143 

0305385 

9995336 

0479781 

9988484 

15 

; f. J 

0133805 

9999105 

0308293 

9995247 

0482687 

9988344 

14 

1 

0136713 

9999065 

0311200 

9995157 

0485592 

9988203 

13 


0139622 

9999025 

0314108 

9995066 

0488498 

9988061 

12 

; 

0142530 

9998981 

0317015 

9994974 

0491403 

9987919 

11 

50 

0 0145439 

0 9998942 

0 0319922 

0 9994881 

0 0494308 

0 9987775 

10 

51 

0148348 

9998900 

0322830 

9994788 

0497214 

9987631 

9 

52 

0151256 

9998856 

0325737 

9994693 

0500119 

9987486 

8 

53 

01541651 

9998812 

0328644 

9994598 

0503024 

9987340 

7 

54 


9998766 

0131552 

9994502 

0505929 

9987194 

6 

55 


9998720 

0334459 

9994405 

0508835 

9987046 

5 

56 

0162890 

9998673 

0337366 

9994308 

0511740 

9986898 

4 

57 

0165799 

9998625 

0340274 

9994209 

0514645 

9986748 

3 

58 

0168707 

9998577 

0343181 

9994110 

0517550 

9986598 

2 

59 

0171616 

9998527 

0346088 

9994009 

0520455 

9986447 

1 

60 

0 0174524 

0 9998477 

0 0348995 

o 

I 

o 

1 

0 9986295 

0 


Cosine 

Sine 

Cosine 

Sine 

t Cosine 

Sine 

/ 


89 s 1 

i 88° 1 

87° 



Reprinted by permission from Seven Place Natural Tables by Howard 
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Natural Sines and Cosines 


133 


/ 

3 

o 

4 

o 

6 

o 

r 


Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 


0 

0.0523360 

0.9986295 

rilfnTT77?T?f! 

0 9975641 

0.0871557 

0.9961947 

”60 

1 

.0526264 

.9986143 

Bflri fllfirl 

.9975437 

.0874455 

.9961693 

59 

2 

.0529169 

.9985989 

Bfi n 

Hi ft sV-KK 

.0877353 

.9961438 

58 

3 

.0532074 

.9985835 

Bit n tfiWVi 11 

n: ft *!ty-K 

.0880251 

.9961183 


4 

.0534979 

.9985680 

BftVi iL’jvsi 

.«]• ft iUw* 

.0883148 

.9960926 

J,*, j 

5 

.0537883 

.9985524 

.0712073 

tit u ?rji|r 

.0886046 

.9960660 


6 

.0540788 

.9985367 

.0714974 

i r< [■ 

.0888943 

9960411 


7 

.0543693 

.9985209 

.0717876 

tl* rj ; 1 (til 

.0891840 

.9960152 

53 

8 

.0546597 

.9985050 

y rt Ejtri n ft 

Uf 1 ft 4Mill 

.0894738 

.9959892 

52 

9 

.0549502 

.9984891 

BFT n ErTT n • 

if ft 

.0897635 

.9959631 

51 

10 

0.0552406 

0.9984731 

Qftli ■■■ 


0.0900532 

0.9959370 

50 

11 

.0555311 

.9984570 

B^y 

.9973357 

.0903429 

.9959107 

40 

12 

. 0u<>821 o 

.9984408 

Bfi>] < Ms fin 

.9973145 

.0906326 

.9958844 

48 

13 

.0561119 

.9981245 

BtimtivJ!? 

■MESH 

.0909223 

.9958580 

47 

14 

.0564024 

.9984081 

1 .0738184 

.9972717 

.0912119 

.9958315 

46 

15 

.0566928 

.9983917 


■ tit rj Uj^UJ 

.0915016 

.9958049 

45 

16 

.0569832 

.9983751 

22 

b ft 

.0917913 

.9957783 

44 

17 

.0572736 

.9983585 


B r i ] 

.0920809 

.9957515 

43 

18 

.0575640 

.9983418 

B.i/AM-j 

B Hi ft iLnill 

.0923706 

.9057247 

42 

19 

.0578544 

.9983250 


.9971633 

.0926602 

.9956978 

41 

20 

0.0581448 

0.9983982 

0.0755589 

0.9971413 

0.0929499 

0.9950708 

40 

21 

.0584352 

.9982912 

.0758489 

.9971193 

.0932395 

.9956437 

39 

22 

.0587256 

.9982742 

■ tni K9Ii 


.0935291 

.9956165 

38 

23 

.0590160 

.9982570 

B't r/$ Wilt 


.0938187 

.0955893 

37 

24 

.0593064 

.9982398 

B*t n\ ijilt 


.0941083 

.9955620 

36 

25 

.0595967 

.9982225 

B t ri ft tjcli 


.0943979 

.9955345 

35 

26 

.0598871 

.9982052 

B '( n ft *41111 


.0946875 

.9955070 

34 

27 

.0601775 

.9981877 

B V ft ft vf# 


.0949771 

.9954795 

33 

28 

.0604678 

.9981701 

B t u ft IT 


.0952666 

.9954518 

32 

29 

.0607582 

.9981525 

B’t ft : f; fV 


.0955562 

.9954240 

31 

30 

0.0610485 

0.9981348 

0.0784591 


0.0958458 

0.9953962 

30 

31 

.0613389 

.9981170 

.0787491 


.0961353 

.9953683 

29 

32 

.0616292 

.9980991 



.0964248 

.9955403 

28 

33 

.0619196 

.9980811 

.0793290 

.9968185 

.0967144 

.9953122 

27 

34 

.0622099 

.9980631 

■T r 'Wv?1 


.0970039 

.9952840 

26 

35 

.0625002 

.9980450 


■BE mm 

.0972934 

.9952557 

25 

36 

.0627905 

.9980267 

.0801989 

.9967789 

.0075829 

.0952274 

24 

37 

.0630808 

.9980084 

.0804889 

.9967555 

.0978724 

.9951990 

23 

38 

.0633711 

.9979900 

.0807788 


.0981619 

.9951705 

22 

39 

.0636614 

.9979716 

BE3E%a 

pBiriTT ft it; \ 

.0984514 

.9951419 

21 

40 

0.0639517 

0.9979530 

0.0813587 

QlHUj » j? i 

0.0987408 

0.9951132 

20 

41 

.0642420 

.9979343 

.0816486 


.0990303 

.9950844 

19 

42 

.0645323 

.9979156 

.0819385 

Bfiii?i> jrj [ 

.0993197 

.9950556 

18 

43 

.0648226 

.9978968 


BBtiliE Ik i 

.0996092 

.9950266 

17 

44 

.0651129 

.9978779 

B 

.9965895 

.0998986 

.9949976 

16 

45 

.0654031 

.9978589 

B 


.1001881 

.9949685 

15 

46 

.0656934 

.9978399 

B t';kMiKi 


.1004775 

.9949393 

14 

47 

.0659836 

.9978207 

B 'tJor»t->i* 


.1007669 

.9949101 

13 

48 

.0662739 

.9978015 

B M: 


.1010563 

.9948807 

12 

49 

.0665641 

.9977821 

B 


.1013457 

.9948513 

n 

50 

0.0668544 

0.9977627 

flj 1 


0.1016351 

0.99482171 

10 

51 

.0671446 

.9977433 

.0845474 


.1019245 

.9947921 1 

9 

52 

.0674349 

.9977237 

■ tKJUSir#? 


.1022138 

.9947625 

8 

53 

.0677251 

.9977040 

B 


.1025032 

.9947327 

7 

54 

.0680153 

.9976843 

B tf:Wl(iTi 


.1027925 

.9947028 

6 

55 

.0683055 

.9976645 

B 


.1030819 

.9946729 

5 

56 

.0685957 

.9976445 

B C-KiMili 


.1033712 

.9946428 

4 

57 


.9976245 

B 'tMiM^if 


.1036605 

.9946127 

3 

58 

BfriTiTr7iTI 

.9976045 

B * <T>W<r 


.1039499 

.9945825 

2 

59 

.0694663 

.9975843 

B 


.1042392 

.9945523 

1 

60 


0.9975641 

ftl licril™ 


0.1045285 

0.9945219 

0 


Cosine 

Sine 

| Cosine 

[ Sine 

Cosine 

Sine 


/ 

84 

1° 

86° 

1 #4° 




















































































































































134 Natural Sines and Cosines [XI 


"7” 

6 

0 

7 

o 

8 

o 


— 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 


0 

0.1045285 

0.9945219 

0.1218693 

0.9925462 

0.1391731 

0.9902681 

60 

1 

.1048178 

.9944914 

.1221581 

.9925107 

.1394612 

.9902275 

59 

2 

.1051070 

.9944609 

.1224468 

.9924751 

.1397492 

mxm.m 

68 

3 

.1053963 

.9944303 

.1227355 

.9924394 

.1400372 

.9901462 

57 

4 

.1056856 

.9943996 

.1230241 

.9924037 

.1403252 


56 

5 

.1059748 

.9943688 

.1233128 

.9923679 

.1406132 


55 

6 

.1062641 

.9943379 

.1236015 

.9923319 

.1409012 


54 

7 

.1065533 

.9943070 

.1238901 

.9922959 

.1411892 

.9899826 

53 

8 

.1068425 

.9942760 

.1241788 

.9922599 

.1414772 

.9899415 

52 

0 

.1071318 

.9942448 

.1244674 

.9922237 

.1417651 


51 

10 

0.1074210 

0.9942136 

0.1247560 

0.9921874 

0.1420531 

0.9898590 

50 

11 

.1077102 

.9941823 

.1250446 

.9921511 

.1423410 

.9898177 

49 

12 

.1079994 

.9941510 

.1253332 

.9921147 

.1426289 

.9897762 

48 

13 

.1082885 

.9941195 

.1256218 

.9920782 

.1429168 

.9897347 

47 

14 

.1085777 

.9940880 

.1259104 

.9920416 

.1432047 


46 

15 

.1088669 

.9940563 

.1261990 

.9920049 

.1434926 

.9896514 

45 

16 

.1091560 

.9940246 

.1264875 

.9919682 

.1437805 


44 

17 

.1094452 

.9939928 

.1267761 

.9919314 

.1440684 


43 

18 

.1097343 

.9939610 

.1270646 

.9918944 

.1443562 

.9895258 

42 

19 

.1100234 

.9939290 

.1273531 

.9918574 

.1446440 

.9894838 

41 


0.1103126 

0.9938969 

0.1276416 

0.9918204 

0.1449319 

0.9894416 

40 


.1106017 

.9038648 

.1279302 

.9917832 

.1452197 

.9893994 

39 


.I108908 

.9938326 

.1282180 

.9917459 

.1455075 


38 


.1111799 

.9938003 

.1285071 

.9917086 

.1457953 

.9893148 

37 


.1114689 

.9937679 

.1287956 

.9916712 

.1460830 

.9892723 

36 


1117580 

.9937355 

.1290841 

.9916337 

.1463708 


35 


.1120471 

.9937029 

.1293725 

.9915961 

.1466585 

.9891872 

34 

1 >JrM 

.1123361 

.9936703 

.1296609 

.9915584 

.1469463 

.9891445 

33 

Lf; j 

.1126252 

.9936375 

.1299194 

.9915206 

.1472340 


32 


.1129142 

.9936047 

.1302378 

.9914828 

.1475217 


31 

30 

0.1132032 

0.9935719 

0.1305262 

0.9914449 

0.1478094 

0.9890159 

30 

31 

.1134922 

.9935380 

.1308146 

.9914069 

.1480971 

.9889728 

29 

32 

.1137812 

.9935058 

.1311030 

.9913688 

.1483848 

■MM 

28 

33 

.1140702 

.9934727 

.1313913 

.9913306 

.1486724 

.9888865 

27 


.1143592 

.9934395 

.1316797 

.9912923 

.1489601 

.9888432 

26 

m 

.1146482 

.9934062 

.1319681 

.9912540 

.1492477 

.9887998 

25 


.1149372 

.9933728 

.1322564 

.9912155 

.1495353 

.9887564 

24 

EtB 

.1152261 

.9933393 

.1325417 

.0911770 

.1498230 

.9887128 

23 

38 

1155151 

.9933057 

.132S330 

.9911384 

.1501106 

.9886692 

22 

39 

.1158040 

.9932721 

.1331213 

.9910997 

.1503981 


21 

40 

0.1160929 

0.9932384 

0.1334090 

0.9910610 

0.1506857 

EBra 

20 

41 

.1163818 

.9932045 

.1336979 

.9910221 

.1509733 

.9885378 

19 

42 

.1166707 

.9931700 

.1339862 

.9909832 

.1512608 

.9884939 

18 

43 

.1169596 

.9931367 

.1342744 

. 99094*42 

.1515484 

9884498 

17 

44 

.1172485 

.9931026 

.1345627 

.9909051 

.1518359 

.9884057 

16 

45 

.1175374 

.9930685 

.1348509 

.9908659 

.1521234 


15 

46 

.1178263 

.9930342 

.1351392 

.9908266 

.1524109 

.9883172 

14 

47 

.1181151 

.9929999 

.1354271 

.9907873 

.1526984 

.9882728 

13 

48 

1184040 

.9929055 

.1357156 

.9907478 

.152985S 

.9882284 

12 

49 

.1186928 

.9929310 

.1360038 

.9907083 

. 1532733 

9881838 

11 

50 

0.1189816 

0.9928965 

0.1362919 

0.9906687 

0.1535607 

0.9881392 

10 

51 

.1192704 

.9928618 

.1365801 

.9906290 

.1538482 

1 Ba'T~*‘^\ 

9 

52 

.1195593 

.9928271 

.1368683 

.9905893 

.1541356 

BL 1 59i 'f; r i 

8 

53 

.1198481 

9927922 

.1371.564! 

.9905494 

.1544230 

Bit 3! i ii; 

7 

54 

.1201368 

.9927573 

.13744451 

.9905095 

.1547104 

Bit' tm!! 

6 

55 

.1204256 

.9927224 

.1377327 

.9904694 

.1549978, 

Bit cV< til ; 

5 

58 

.1207144 

.9926873 

.1380208 

.9904293 

.1552851 

Bit .r< :{•?! n 

4 

57 

.1210031 

.9926521 

.1383089 

.9903891 

.1555725 

.9878245 

3 

58 

.1212919 

.9926169 

.1385970 

.9903489 

.1558598 

.9877792 

2 

59 

.1215806 

.9925816 

.1388850 

.9903085 

.1561472 

.9877338 

1 

60 

0 1218693 

0.9925462 

0.1391731 

0 9902681 

0.1564345 

0 9876883 

0 

/ 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 



1 83° 

82 

1° 

1 81° 




































































XI] 


Natural Sines and Cosines 


135 


/ 

| 9° 


Sine 

Cosine 

0 

0.1564345 

0.9876883 

1 

1567218 

.9876428 

2 

.1570091 

.9875972 

3 

.1572963 

.9875514 

4 

.1575836 

.9875057 

5 

.1578708 

.9874598 

6 

.1581581 

.9874138 

7 

.1581153 

.9873678 

8 

.1587325 

.9873216 

9 

.1590197 

.9872754 

10 

0 1593069 

0.9872291 

11 

.1595940 

.9871827 

12 

1598812 

.9871363 

13 

1601683 

.9870897 

14 

1604555 

.9870431 

15 

1607426 

.9869964 

16 

1610297 

.9869496 

17 

1613167 

.9869027 

18 

1616038 

.9868557 

19 

.1618909 

98680S7 

20 

0 1621779 

0.9867615 

21 

.1624650 

.9867143 

22 

.1627520 

9866670 

23 

.1630390 

.9866196 

24 

.1633260 

.9865722 

23 

16361L9 

.9865246 

26 

.1638999 

9864770 

27 

1641868 

.9864293 

28 

.1644738 

.9863815 

29 

.1617607 

.9863336 

30 

0.1650476 

0 9862856 

31 

.1653345 

0862375 

32 

1656214 

9861891 

33 

.1659082 

9861412 

34 

1661951 

9360929 

35 

.1664819 

.98604 45 

36 

.1667687 

9859960 

37 

1670556 

.9859475 

38 

1673423 

9858988 

39 

.1676291 

9858501 

40 

0 1679159 

0.9858013 

41 

.1682026 

.9857524 

42 

.1684891 

.9857035 

43 

.1687761 

.9856544 

44 

.1690628 

9856053 

45 

.1693495 

.9855561 

46 

1696362 

.9855068 

47 

.1699228 

.9854574 

48 

.1702095 

.9854079 

49 

.1701961 

.9853583 

50 

0 1707828 

0.9853087 

51 

.1710694 

.9852590 

52 

1713560 

.9852092 

53 

1716425 

.9851593 

54 

1719291 

.9851093 

55 

.1722156 

.9850593 

56 

.172>022 

.9850091 

57 

1727887 

.9849589 

58 

1730752 

.9849086 

59 

.1733617 

.9848582 

60 

0 1736482 

0 9848078 


Cosine 

Sine 


80 ° ! 


10 ° 


Sine 

Cosine 

0.1736482 
.1739346 
.1742211 
.1745075 
.1747939 
.1750803 
.1753667 
.1756531 
.1759395 
.1762258 
0.1765121 

.1767984 
1770847 
.1773710 
.1776573 
.1779435 
.1782298 
.1785160 
.1788022 
.1790884 
0. 1793746 

.1796607 
1799469 
.1802330 
.1805191 
.1803052 
1S10913 
.1813774 
.1816635 
IS!0495 
0.1822355 

.1825215 
.1828075 
1830935 
.1833795 
.1836654 
.1839514 
.1842373 
.1845232 

1848(H) 1 
0.1850949 

.1853808 
.1856000 
.1859524 
.1862382 
.1805240 
.1808098 
.1870956 
.1873813 
1876670 
0.1879528 

.1882385 
.1885241 
.1888098 
. 18904)54 
1893811 
.1896667 
.1899523 
.1902379 
.1905234 
0.190S090 

0.9848078 
.9847572 
9847006 
.9846558 
9846050 
.9845542 
.9845032 
9844521 
.9844010 
.9843498 
0.9842985 

.9842471 
.9841950 
.9841441 
9840924 
.9840407 
.9839889 
9839370 
9838850 
9838330 
0 9837808 

.9837280 
9836763 
.9836239 
.9835715 
.9835189 
.9834663 
9834136 
983360S 
9833079 
0.0832549 

.9832019 
.9831487 
9830955 
9830422 
9829888 
.9829353 
9828818 
.9828282 
1)827744 
0.9827200 

.9826668 
9820128 
.9825587 
.9825040 
.9824504 
.9823901 
.9823417 
.9822873 
.9822327 
0.9821781 

.9821234 
.9820080 
.9820137 
.9819587 
.9819037 
.9818485 
.9817933 
.9817380 
.9816820 
0.9816272 

Cosine 

Sine 

79° | 


11° 

/ 

Sine 

| Cosine 


0.1908090 


60 

.1910945 

.9815716 

59 

.1913801 


58 

.1916656 

.9814603 

57 

.1919510 

.9814045 

56 

.1922365 

.9813486 

55 

.1925220 

.9812927 

54 

.1928074 


53 

.1930928 

9811805 

52 

.1933782 

.9811213 

51 

0.1936636 

0.9810680 

50 

.1939490 

.9810116 

49 

.1942341 

.9809552 

**8 

.1945197 

.9808986 

47 

. 1948050 

.9808420 

46 

. 19504)03 

.9807853 

45 

.1953756 

.9807285 

44 

.1956609 

9806716 

43 

.1959461 

4)806147 

42 

.1962314 

9805576 

41 

0.1965166 

0.9805005 

40 

.1908018 

.9804433 

39 

1970870 

.9803860 

38 

1973722 

.9803286 

37 

.1376573 

.9802712 

36 

.1979425 

9802136 

35 

.1982276 

.9801560 

34 

.1985127 

.98004)83 

33 

1987978 

.9800405 

32 

1990824) 

.9799827 

31 

0.1993679 

0.9799247 

30 

1996530 

.9798667 

29 

1999380 

.9798086 

28 

.2002230 

.9797504 

27 

.2005080 

.9796921 

26 

.2007930 

. 974)6337 

25 

.2010779 

.9795752 

24 

.2013029 

.9795167 

23 

.2016478 

.4)794581 

22 

2019327 

.4)74)34)4)4 

21 

0.2022176 

0.9793406 

20 

2025024 

.974)2818 

19 

.2027873 

.9792228 

18 

.2030721 

.9791638 

17 

.2033569 

.9791047 

16 

.2036418 

.4)790455 

15 

.2039265 

| .9789862 

14 

.2042113 

.9789268 

13 

.2044961 

.9788674 

12 

.2047808 

.4)788079 

11 

0.2050655 

0.9787483 

10 

.2053502 

.9786886 

9 

.2056349 

.4)786288 

8 

.2059195 

.4)785689 

7 

.2062042 

.9785090 

6 

.2064888 

.9784490 

5 

.2067734 

.4)783889 

4 

.2070580 

.9783287 

3 

.2073426 

.9782684 

2 

.2076272 

.9782080 

1 

0 2079117 

0.9781476 

0 

Cosine 

Sine 


r ' 78° i 













136 


Natural Sines and Cosines 


Sine 


0 0.2079117 

1 .2081962 

2 .2084807 

3 .2087652 

4 .2090497 

5 .2093341 

6 .2096186 

7 .2099030 

8 .2101874 

9 .2104718 

10 0.2107561 0 

11 .2110405 

12 2113248 

13 .2116091 

14 .2118934 

15 .2121777 

16 .2124619 

17 .2127462 

18 .2130304 

19 .2133146 
.2135988 0 


Cosine 


.9781476 

.9780871 

.9780265 

.9779658 

.9779050 

.9778142 

.9777832 

.9777222 

.9776611 

.9775999 

0.9775387 

.9774773 

.9774159 

.9773544 

.9772928 

.9772311 

.9771693 

.9771075 

.9770456 

.9769836 

0.9769215 


Sine 


.2249511 0 
.2252345 
.2255179 
.2258013 
.2260846 
.2263680 
.2266513 
.2269346 
.2272179 
.2275012 
0.2277844 0 


Cosine 


.9743701 

.9743046 

.9742390 

.9741734 

.9741077 

.9740419 

.9739760 

.9739100 

.9738439 

.9737778 

.9737116 


21 .2138829 

22 .2141671 

23 .2144512 

24 .2147353 

25 . 2150194 

26 .2153035 

27 .2155876 

28 .2158716 

29 .2161556 

30 0.2164396 


.9768593 

.9767970 

.9767347 

.9766723 

.9766098 

.9765472 

.9764845 

.9764218 

.9763589 

0.9762960 


31 .2167236 

32 .2170076 

33 .2172915 

34 .2175754 

35 .2178593 

36 .2181432 

37 .2184271 

38 .2187110 

39 .2189948 
0.2192786 0 

41 .2195624 

42 . 2198462 

43 .2201300 

44 .2204137 

45 .2206974 

46 .2209811 

47 .2212648 

48 .2215485 
.2218321 

0.2221158 0 

.2223994 
.2226830 
.2229666 
.2232501 
.2235337 
.2238172 
.2241007 
.2243842 
.2246676 
0.2249511 0 


Cosine 


.2280677 

.2283509 

.2286341 

.2289172 

.2292004 

.2294835 

.2297666 

.2300497 

.2303328 

0.2306159 

.2308989 

.2311819 

.2314649 

.2317479 

.2320309 

.2323138 

.2325967 

.2328796 

.2331625 

0.2334454 


.9762330 
.9761699 
.97610681 
.9760435 
.9759802 1 
.9759168 
.9758533 
.9757897 
.9757260 
0.9756623 

.9755985 

.9755345 

.975470G 

.9754065 

.9753423 

.9752781 

.9752138 

.9751494 

.9750849 

0.9750203 

.9749556 

.9748909 

.9748261 

.9747612 

.9746962 

.9746311 

.9745660 

.9745008 

.9744355 

0.9743701 


.2337282 
.2340110 
.2342938 . 

.2345766 . 

.2348594 . 

.2351421 . 

.2354248 . 

.2357075 . 

.2359902 . 

0.2362729 0. 
.2365555 . 

.2368381 . 

.2371207 . 

.2374033 . 

.2370859 . 
.2379684 . 
.2382510 . 

.2385335 . 

.2388159 . 

0.2390984 0. 

.2393808 . 
.2396633 . 

.2399457 . 

.2402280 . 
.2405104 . 

.2407927 . 

.2410751 . 

.2413574 . 

.2416396 . 

0.2419219 0, 


Cosine 


.9736453 

.9735789 

.9735124 

.9734459 

.9733793 

.9733125 

.9732458 

.9731789 

.9731119 

0.9730449 

.9729777 

.9729105 

.9728432 

.9727759 

.9727084 

.9726409 

.9725733 

.972.5056 

.9724378 

.9723699 


9723020 

9722339 

9721658 

9720976 

9720294 

9719610 

9718926 

9718240 

9717554 

9716867 

9716180 

9715491 

9714802 

9714112 

9713421 

9712729 

9712036 

9711343 

9710649 

9709953 

9709258 

,9708561 

,9707863 

,9707165 

,9706466 

.9705766 

,9705065 

.9704363 

.9703661 

.9702957 


Sine 


0.9702957 60 
.9702253 59 
.9701548 58 
.9700842 57 
.9700136 56 
.9699428 55 
.9698720 54 
.9698011 53 
.9697301 52 
.9696591 51 
0.9695879 

.9695167 49 
.9694453 48 
.9693740 47 
.9693025 46 
.9692309 45 
.9691593 44 
.9690875 43 
.9690157 42 
.9689438 41 
.9688719 40 

.9687998 39 
.9687277 38 
.9686555 37 
.9685832 36 
.9685108 35 
.9684383 34 
.9683658 33 
.9682931 32 
.9682204 31 
0.9681476 30 

.9680748 29 
.9680018 28 
.9679288 27 
.9678557 26 
.9677825 25 
.9677092 24 
.9676358 23 
.9675624 22 
.9674888 21 
0.9674152 20 

.9673415 19 
.9672678 18 
.9671939 17 
.9671200 16 
.9670459 15 
.9669718 14 
.9668977 13 
.9668234 12 
.9667490 11 
0.9666740 10 

.9666001 9 

.9665255 8 

.9664508 7 

.9663761 6 

.9663012 5 

.9662263 4 

.9661513 3 

.9660762 2 

.9660011 1 

0.9659258 0 


Sine 


77 


76 


75 






































































































XI] 


Natural Sines and Cosines 


137 


/ 

i#° | 

| 16° 

17° 



Sine 

Cosine 

| Sine 

Cosine 

Sine 

Cosine 


0 

0.2588190 

0.9659258 

ftl Vfi 

mlTFYl 

0.2923717 

0.9563048 

SSI 

1 

.2591000 

.9658505 

H r t f i* 


.2926499 

.9562197 

59 

2 

.2593810 

.9657751 

■ Tr, i ipf 


.2929280 

B : r 

58 

3 

.2596619 

.9656996 

7iy 

.9610208 

.2932061 

B *' "" 

57 

4 

.2599428 

.9656240 

1 T 1 *' V Vi' 


.2934842 

B ? v- 

56 

5 

.2602237 

.9655484 

■ fi ft 1 


.2937623 

B * Mi ;i£ 

55 

6 

.2605045 

.9654726 

B r. Ti '.jclri 


.2940403 

B 

54 

7 

.2607853 

.9653968 

.2775941 


.2943183 


53 

8 

.2610662 

.9653209 



.2945963 

.9556218 

52 

9 

.2613469 

.9652449 

IBfciiliiM 


.2948743 


51 

10 

0.2616277 

0.9651689 

0 2784324 


0.2951522 

wffiM 

50 

11 

.2619085 

.9650927 

.2787118 


.2954302 

.9553643 

49 

12 

.2621892 

.9650165 

2789911 


.2957081 

.9552784 

48 

13 

.2624699 

.9649402 

.2792704 

.9602125 

.2959859 

.9551923 

47 

14 

.2627506 

.9648638 

.2795497 


.2962638 

Bl^aivy 


15 

.2630312 

.9647873 



.2965416 



16 

.2633118 

.9647108 


.9599684 

.2968194 

BPSg’M 


17 

.2635925 

.9646311 

■Pm 


.2970971 

.9548473 

43 

18 

.2638730 

.9645574 



.2973749 


EP1 

19 

.2641536 

.9644806 



.2976526 

.9546743 

41 

20 

0.2644342 

0.9644037 

0.2812251 


0.2979303 

0.9545876 

EU 

21 

.2647147 

.9643268 



.2982079 


39 

22 

.2649952 

.9642497 



.2984856 

.9544141 

38 

23 

.2652757 

.9641726 



.2987632 

.9543273 

37 

24 

.2655561 

.9640954 



.2990408 

.9542403 

36 

25 

.2658366 

.9640181 



.2993184 

.9541533 

35 

26 

.2661170 

.9639407 



.2995959 


34 

27 

.2663973 

.9638633 



.2998734 


33 

28 

.2666777 

.9637858 



.3001509 


32 

29 

.2669581 

.9637081 



.3004284 


31 

30 

0.2672384 

0.9636305 



0.3007058 


WjI 

31 

.2675187 

.9635527 



.3009832 

.9536294 

29 


.2677989 

.9634748 



.3012606 


28 

33 

.2680792 

.9633969 



.3015380 

.9534542 

27 

34 

.2683594 

.9633189 



.3018153 

.9533664 

26 

35 

.2686396 

.9632408 



. <1020926 


25 

36 

.2689198 

.0631626 



.3023699 

B > v4$ Ul/j 

eh 

37 

.2692000 

.9630843 



.3026471 


23 

38 

.2694801 

.9630060 



.3029244 

■ iSJt,; 

22 

Km 

.2697602 

.9629275 



.3032016 

B iaSiiL 

21 

40 

02700403 

0.9628490 



0.3034788 

0.9528382 

20 

41 

.2703204 

.9627704 



.3037559 

.9527499 

19 

42 

.2706004 

.9626917 



,3040331 

.9526615 

18 

43 

.2708805 

.9626130 



.3043102 

■ * r Sw 

17 

44 

.2711605 

.9625342 

.2879177 


.3045872 

■ "••Tit 

16 

45 

.2714404 

.9624552 



.3048643 

I r T ,: m : 

15 

46 

.2717204 

.9623762 

mm LiEi 


.3051413 


14 

47 

2720003 

,9622972 



.3054183 

.9522183 

13 

48 

.2722802 

.9622180 

m PM - 


.3056953 

.9521294 

12 

"49 

.2725601 

.9621387 


.9572354 

.3059723 

.9520404 

11 

50 

0 2728400 

0.9620594 

0.2895887 

0.9571512 

0.3062492 

0.9519514 

10 

51 

.2731198 

.9619800 

.2898671 


.3065261 

.9518623 

9 

52 

.2733997 

.9619005 

.2901455 

B * r 

.3068030 

.9517731 

8 

53 

.2736794 

.9618210 


B ' v|vl»i 

.3070798 

KM- 

7 

54 

.2739592 

.9617413 

B t 74*1?' 

B t ’ [ v? v!’ 

.3073566 


6 

55 

.2742390 

.9616616 

B V MKllH 

B f vfri'!* 

.3076334 


5 

56 

.2745187 

.9615818 

B v 

1 • vi*f f f 

.3079102 

.9514154 

4 

57 

.2747984 

.9615019 

B V vRrJ 

B ! i!r 

.3081869 

.9513258 

3 

58 

.2750781 

.9614219 

B v ;Tkv, 

B * tTi? rt n 

.3084636 

mxmm 

2 

59 

.2753577 

.9613418 


.9563898 

.3087403 

.9511464 

1 

60 

0.2756374 

0.9612617 

0.2923717 

0.9.563048 

0.3090170 

mmm 

0 

" 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 


/ 

1 74° I 

78° | 

72° 



78 




































































































































































































138 Natural Sines and Cosines [XI 


/ 

18° 

19° 

20° | 

/ 


Sine 

Cosine 

Sine 

■Ml 

Sine | 

Cosine 


IT 

0.3090170 

0.9510565 

0.3255682 

0.9455186 

PI T WW 

0.9396926 

"60 

l 

.3092936 

.9509666 

.3258432 

.9454238 

KB it 4,*M# 

.9395931 

59 

2 

.3095702 

.9508766 

.3261182 

.9453290 

B it 


58 

3 

.3098468 

.9307865 

.3263932 

.9452341 

B <1 

.9393938 

57 

4 

.3101234 

.9506963 

.3266681 

.9451391 

.3431133 

.9392940 

56 

6 

.3103999 

.9506061 

.3269430 

.9150441 

.3433865 


55 

0 

.3106764 

.9505157 

.3272179 

.944948:) 

.3436597 

.9390943 

54 

7 

.3109529 

.9504253 

.3274928 

.9448537 


.9389942 

53 

8 

.3112294 

.9.503348 

.3277676 

.9447584 

■KMi’g 

.9388942 

52 

9 

.3115058 

.9502443 

.3280424 

.9446630 

.3444791 

.9387940 

51 

10 

0.3117822 

0.9501536 

0.3283172 

0.9445675 

0.3447521 

0.9386938 

5C 

11 

.3120586 

.9,500629 

.3285919 

.9444720 



49 

12 

.3123349 

.9499721 

.3288600 

.9443764 

Ry ft t ft 


48 

13 

.3126112 

.9498812 

.3291413 

.9442807 

BE? ft n tS 


47 

14 

.3128875 

.9497902 

.3294160 

.9441849 

.3458441 

.9382920 

40 

15 

.3131638 

.9496991 

.3296906 

.9440890 

.3461171 

.9381913 

45 

16 

.3134400 

.9496080 

.3299653 

.9439931 

.3463900 


41 

17 

.3137163 

.9495168 

.3302398 

.9438971 

.3466628 


43 

18 

.3139925 

.9494255 

.3305144 

.9438010 

k 


42 

19 

.3142686 

.9493341 

.3307883 

.9437048 



41 

20 

0.3145448 

0.9492426 

0.3310634 

0.9436085 

Eft [ r.i 1 3ft 


40 

21 

.3148209 

.0491511 

.3313379 

.9435122 

.3477540 


39 

22 

.3150969 

.9490595 

.3316123 

.9434157 



38 

23 

.3153730 

.9489678 

.3318867 

.9433192 

■ in 


37 

24 

.3156490 

.9488760 

.3321611 

.9432227 

V 


36 

25 

.3159250 

.9487842 

.3324355 

.9431260 

K ^ L Cl 


35 

26 

.3162010 

.9486922 

.3327098 

.9430293 

.3491173 


34 

27 

.3164770 

.9486002 

.3329841 

.9429324 

■F PM? 


33 

28 

.3167529 

.9485081 

.3332584 

.9428355 

Ml!:! MM 


32 

29 

.3170288 

.9484159 

.3335326 

.9427386 

Ssn 


31 

30 

0.3173047 

0.9483237 

0.3338069 

0.9426415 

0.3502074 


30 

31 

.3175805 

.9482313 

.3340810 

.9425444 

.3504798 


29 

32 

.3178563 

.9481389 

.3343552 

.9424471 

HH1 


28 

33 

.3181321 

.9480464 

.3346293 

.9423498 



27 

34 

.3184079 

.9479538 

.3349034 

.9422525 

.3512970 


26 

35 

.3186836 

.9478612 

.3351775 

.9421550 

Miami 


25 

36 

.3189593 

.9477684 

.3354516 

.9420575 



24 

37 

.31923.50 

.9476756 

.3357256 

.9419598 

MU E 


23 

38 

.3195106 

.947o827 

.3359996 

.9418621 

Ml 

.9358547 

22 

39 

.3197863 

.9474897 

.3362735 

.9417644 

mmmi 

.9357621 

21 


0.3200619 

0.9473966 

0.3365475 

0.9416665 

0.3529306 

0.9356495 

20 

41 

.3203374 

.9473035 

.3368214 

.9415686 


.9355468 

19 

42 

.3206130 

.9472103 

.3370953 

.9414705 

.3534748 

.9354440 

18 

43 

.3208885 

.9471170 

.3373691 

.9413724 

.3537469 

.9353412 

17 

44 

.3211640 

.9470236 

.3376429 

.9412743 

.3540190 


16 

45 

.3214395 

.9469301 

.3379167 

.9411760 

.3542910 

■ESfiSS* 

15 

46 

.3217149 

.9468366 

.3381905 

.9410777 

.3545630 

.9350321 

14 

47 

.3219903 

.9467430 

.3384642 

.9409793 

.3548350 


13 

48 

.3222657 

.9466493 

.3387379 

.9408808 


1 izmm 

12 

49 

.3225411 

.9465555 

.3390116 

.9407822 


mi\L r k ? k 

11 

30 

0.3228164 

0.9464616 

0.3392852 

0.9406835 

0.3556508 

3 mil 

10 

51 

.3230917 

.9463677 

.3395589 

.9405848 

.3559226 

.9345154 

9 

52 

.3233670 

.9462736 

.3398325 

.9404860 

.3561944 

.9344119 

8 

53 

.3236422 

.9461795 

.3401060 

.9403871 

.3564662 

■ t {• MKfz 

7 

54 

.3239174 

.9460854 

.3403796 

.9402881 


B ; { 

§ 

55 

.3241926 

.9459911 

.3406531 

.9401891 


B • Illlfi 

5 

56 

.3244678 

.9458968 

.3409265 

.9400899 


B * < < tMi}: 

4 


.3247429 

.9458023 

.3412000 

.9399907 


li|( V 

3 

58 

.3250180 

.9457078 

.3414734 

.9398914 


Bit; 

2 

59 

.3252931 

.9456132 

.3417468 

.9397921 


B t i < ij.yf; 

1 

60 

0.3255682 

9 9455186 

0 3420201 

0.9396926 


flKf i 4 Mli'i 

0 


Cosine 

Sine 

Coainc 

Sine 

| Cosine 

Sine 



1 71° 

II 70° 

1 69° 

§ 





























































































































































XI] Natural Sines and Cosines 139 


/ 

i ai° 

22° 

23 d 



Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 


0 

0.3583679 

0.9335804 

0.3746066 

0.9271830 

0.3907311 

6.9205049 

Bra 

1 

.3586395 

.9334761 

.3748703 

.9270748 

.3009989 

.9203912 

59 

2 

.3589110 

.9333718 

.3751459 

.9269658 

.3912666 

.9202774 

58 

3 

.3591825 

.9332675 

.3754156 

.9268500 

.3915343 

.9201635 

57 

4 

.3594540 

.9331628 

.3756852 

.9267474 

.3918019 

.9200496 

56 

5 

.3597254 

.9330582 

.3759547 

.9266380 

.3920605 

.9199356 

55 

0 

.3599968 

.9329535 

.3702243 

.9265286 

.3923371 

.9198215 

5* 

7 

.3602682 

.9328488 

.3764938 

.9264192 

.3926047 

.9197073 

53 

8 

.3605395 

.9327439 

.3767632 

.0263090 

.3028722 

.9195931 

52 

9 

.3008108 

.9326390 

.3770327 

.0262000 

.3031307 

.9194788 

51 

10 

0.3610821 

0 9325340 

0.3773021 

0.9260002 

0.3934071 

0.9193644 

Ej 

11 

.3613534 

.9324290 

.3775714 

.0250805 

.3936745 

.9192499 

49 

12 

.3616246 

.9323238 

.3778408 

.0258706 

.3939410 

.9191353 

48 

13 

.3618958 

.9322186 

.3781101 

.9257606 

.3942003 

.9190207 

47 

14 

.3621669 

.9321133 

.3783794 

.9256506 

.3044766 

Ml? aMIrit 

r . 

15 

.3624380 

.9320079 

.3786486 

.9255405 

.3947439 



10 

.3627091 

.9319024 

3789178 

.0254303 

.3950111 

Blf vflVitk 


17 

.3629802 

.9317969 

.3791870 

.9253201 

.3952783 



18 

.3632512 

.9310912 

.3794562 

9252097 

.3955455 

BH gifti 

r t 

19 

.3635222 

.9315855 

.3797253 

0250093 

.3058127 

■r ikkVr 


20 

0.3637932 

0.9314797 

0.3799944 

0.9249888 

0.3960798 

EM 

£ 

21 

.3640641 

.9313739 

.3802634 

.9248782 

.3063468 


39 

22 

.3643351 

.9312679 

.3805324 

.9247676 

.3966130 

Ha "In.sii 

38 

21 

.3646059 

.9311619 

.3808014 

.9246568 

.3968809 

HI i.r7 IT 

Kyj 

21 

.3648768 

.9310558 

.3810704 

.0245460 

.3971479 

.9177546 

Kfi 

25 

.3651476 

.9309490 

.3813393 

.0244351 

.3074148 

.9176391 


26 

.3654184 

.9308434 

.3816082 

.0243242 

.3076818 

.9175234 

Bj? 

27 

.3656891 

.9307370 

.3818770 

.9242131 

.3079486 

.9174077 

ftk 

28 

.3659599 

.9306305 

.3821459 

.0241020 

.3082155 

.9172919 


29 

3662306 

.9305211 

.3824147 

. 02:10008 

.3084823 

.9171760 

mt 

30 

0.3665012 

0.9304176 

0.3820834 

0.9238795 

0.3987491 



31 

.3667719 

.9303109 

.3829522 

.9237682 

.3990158 


29 

32 

.3670425 

.9302042 

. 38322(H) 

.9236567 

.3992825 

.9168279 

HJ 

33 

.3673130 

.930097-1 

.3834805 

9235452 

.3995492 

.9167118 

wTk 

34 

.3675836 

.9299905 

.3837582 

.9234336 

.3098158 

.9165955 


35 

.3678541 

.9298835 

.3840268 

.9233220 

.4000825 

TTrSiH 


36 

.3681246 

.9297765 

.3842953 

.0232102 

.4003490 

BE 1 i 'ji 

24 

37 

.3683950 

.9296694 

.3845639 

.0230084 

.4006156 

BE 


38 

.3686654 

.9295622 

.3848324 

9229865 

.4008821 

.9161297 

yvl 

39 

.3689358 

9291549 

3851008 

.0228745 

.4011486 

11 n 1 1 > 1 11 n 

H1 

40 

0.3692061 

0 9293475 

0.3853693 

0.9227024 

0.4014150 


20 

41 

.3694765 

.9292401 

.3856377 

.9226593 

.4016814 

BRE!5? 3 

19 

42 

.3697468 

.9291326 

.3859060 

.0225381 

.4019478 

.9156626 

18 

43 

.3700170 

.9290250 

.3861744 

.0224258 

.4022141 

.9155456 

17 

44 

,3702872 

.9289173 

.3864427 

.0223134 

.4024804 

.9154286 

16 

45 

.3705574 

.9288096 

.3867110 

.0222010 

.4027467 

.9153115 

15 

46 

.3708276 

.9287017 

.3869792 

.0220884 

.4030129 


14 

47 

.3710977 

.9285938 

.3872474 

.0210758 

.4032791 

.9150770 

13 

48 

.3713678 

.9284858 

.3875156 

.0218632 

.4035453 

.9149597 

12 

49 

.3716379 

.9283778 

.3877837 

0217504 

.4038114 

.9148422 

11 

50 

0.3719079 

0.9282690 

0.3880518 

0.9216375 

0.4040775 

0.9147247 

19 

51 

.3721780 

.9281614 

.3883199 

.9215246 

.4043436 

HMEEIiMfl 

9 

52 

.3724479 

.9280531 

.3885880 

.9214110 

.4046096 

.9144895 

8 

53 

.3727179 

.9279447 

.3888560 

.0212986 

.4048756 

.9143718 

7 

54 

.3729878 

.9278363 

.3891240 

.9211854 

.4051416 

.9142540 

6 

55 

.3732577 

.9277277 

.3893919 

.9210722 

.4054075 

.9141361 

6 

56 

.3735275 

.9276191 

.3896598 

.9209589 

.4056734 

.9140181 

4 

57 

.3737973 

.9275104 

.3899277 

.0208455 

.4059393 

BrimV/1 

3 

58 

.3740671 

.9274016 

.3901955 

.9207320 

.4062051 

BEmQQ 

2 

59 

.3743369 

.9272928 

.3904633 

.9206185 

.4064709 

HlflfyVrM 

l 

60 

0.3746066 

0 9271839 

0 3907311 

0.9205049 

0.4067366 

[fjfrjtifjiLifl 

0 


Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 


! 

68° 1 

67° 1 

68° 



















































140 Natural Sines and Cosines ixi 


/ 

24° 


Sine 

Cosine 

IT 

0 4067366 

0 9135455 

1 

4070024 

9134271 

2 

4072681 

9133087 

3 

4075337 

9131902 

4 

4077993 

9130716 

5 

4080649 

9129529 

8 

4083305 

9128342 

7 

4085960 

9127154 

8 

4088615 

9125965 

9 

4091269 

9124775 

10 

0 4093923 

0 9123584 

11 

4096577 

9122393 

12 

4099230 

9121201 

13 

4101881 

9120008 

14 

4104536 

9118815 

15 

4107189 

9117620 

16 

4109841 

9116425 

17 

4112492 

9115229 

18 

4115144 

9114033 

19 

4117795 

9112835 

20 

0 4120445 

0 9111637 

21 

4123096 

9110438 

22 

4125745 

9109238 

23 

4128395 

9108038 

24 

4131044 

9106837 

25 

4133693 

9105635 

26 

4136342 

9104432 

27 

4138990 

9103228 

28 

4141638 

9102024 

29 

4144285 

9100819 

30 

0 4146932 

0 9099613 

31 

4149579 

9098406 

32 

4152226 

9097199 

33 

4154872 

9095990 

34 

4157517 

9094781 

35 

4160163 

9093572 

36 

4162808 

9092361 

37 

4165453 

9091150 

38 

4168097 

9089938 

39 

4170741 

9088725 

40 

0 4173385 

0 9087511 

41 

4176028 

9086297 

42 

4178671 

9085082 

43 

4181313 

9083866 

44 

4183956 

9082649 

45 

4186597 

9081432 

46 

4189239 

9080214 

47 

4191880 

9078995 

48 

4194521 

9077775 

49 

4197161 

9076554 

50 

0 4199801 

0 9075333 

51 

4202441 

9074111 

52 

4205080 

9C72888 

53 

4207719 

9071665 

54 

4210358 

9070440 

55 

4212996 

9069215 

Bvfl 

4215634 

9067989 

El 

4218272 

9066762 

tim 

4220909 

9065535 

59 

4223546 

9064307 

60 

0 4226181 

0 9063078 


Cosine 

Sine 

/ 

65° 


a # 0 


Sine 

Cosine 

0 4226183 
4228819 
4231455 
4234090 
4236725 
4239360 
4241994 
4244628 
4247262 
4249895 
0 4252528 

4255161 
4257793 
4260425 
4263056 
4265687 
4268318 
4270949 
4273579 
4276208 
0 4278838 

4281467 
4284095 
4286723 
4289351 
4291979 
4294606 
4297233 
4299859 
4302485 
0 4305111 

4307736 
4310361 
4312986 
4315610 
4318234 
4320857 
4323481 
4326103 
4328726 
0 4331348 

4333970 
4336591 
4339212 
4341832 
4344453 
4347072 
4349692) 
4352311 
4354930 
0 4357548 

4360166 
4362784 
4365401 
4368018 
4370634 
4373251 
4375866 
4378482 
4381097 
0 4383711 

0 9063078 
9061848 
9060618 
9059386 
9058154 
9056922 
9055688 
9054454 
9053219 
9051983 
0 9050746 

9049509 

9048271 

9047032 

904o792 

9044551 

9043310 

9042068 

9040825 

9039582 
0 9038338 

9037093 
9035847 
9034600 
9033353 
9032105 
9030856 
9029606 
9028356 
9027105 
0 9025853 

9024600 
9023347 
9022092 
9020818 
9019582 
901832) 
9017068 
9015810 
9014551 
0 9013292 

9012031 
9010770 
9009508 
9008246 
9006982 
9005718 
9004453 
9003188 
9001921 
0 9000654 

8999386 
8998117 
8996848 
8995578 
8994307 
8993035 
8991763 
8990489 
8989215 
0 8987940 

Cosine 

feme 


64 s 


26 s 

/ 

Sine 

Cosine 


0 4383711 

0 8987940 

“60 

4386326 

8986665 

59 

4388940 

8985389 

58 

4391553 

8984112 

57 

4394166 

8982834 

50 

4396779 

8981555 

55 

4399392 

8980276 

54 

4402004 

8978996 

53 

4404615 

8977715 

52 

4407227 

8976433 

51 

0 4409838 

0 8975151 

50 

4412448 

8973868 

49 

4415059 

8972584 

48 

4417668 

8971290 

47 

4420278 

8970014 

40 

4422887 

8968727 

45 

4425496 

8967440 

44 

4428104 

8966151 

43 

4430712 

8964864 

42 

4433319 

8963575 

41 

0 4435927 

0 8962285 

40 

4438534 

8960994 

39 

4441140 

8959701 

38 

4443746 

8958411 

37 

4446352 

8957118 

30 

44*8957 

8955824 

35 

4451562 

8954529 

34 

4454167 

8953234 

33 

4456771 

8951938 

32 

4459375 

8950641 

31 

0 4461978 

0 8949344 

30 

4464581 

8948045 

29 

4467184 

8946746 

28 

4469786 

8945446 

27 

4472388 

8944146 

20 

4474990 

8942844 

25 

4477591 

8941542 

24 

4480192 

8940240 

23 

4482792 

8938936 

22 

4485392 

8937632 

21 

0 4487992 

0 8936326 

20 

4490591 

8935021 

ED 

4493190 

8933714 

la 

4495789 

8932406 

m 

4498387 

8931098 

Eg 

4500984 

8929789 

in 

4503582 

8928480 

B n 

4506179 

8927169 

mm 

4508775 

8925858 

12 

4511372 

8924546 

11 

0 4513967 

0 8923234 

lO 

4516563 

8921920 

9 

4519158 

8920606 

8 

4521753 

8919291 

7 

4524347 

8917975 

0 

4526941 

8916659 

5 

4529535 

8915342 

4 

4532128 

8914024 

3 

4534721 

8912705 

2 

4537313 

8911385 

1 

0 4539905 

0 8910065 

O 

Cosine 

Sine 


63° 1 
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/ 

2 

7» 

1 

29° 



Sine 

RBI 

Sine 

Cosine 

Sine 

Cosine 


6 

0.4539905 

0.8910065 

0.4694716 

0.8829476 

0.4848096 

0.8746197 

60 

l 

.4542497 

.8908744 

.4697284 

.8828110 

.4850640 

.8744786 

59 

2 

.4545088 

.8907423 

.4699852 

.8826743 

.4853184 

.8743375 

58 

3 

.4547679 

.8906100 

.4702419 

.8825370 

.4855727 

.8741963 

57 

4 

.4550269 

.8904777 

.4704986 

.8824007 

.4858270 

.8740550 

56 

5 

.4552859 

.8903453 

.4707553 

.8822638 

.4860812 

.8739137 

55 

6 

.4555440 

.8902128 

.4710119 

.8821269 

.4863354 

.8737722 

54 

7 

.4558038 

.8900803 

.4712685 

.8819898 

.4865895 

.8736307 

53 

8 

.4560627 

.8890476 

.4715250 

.8818527 

.4808436 

.8734801 

52 

9 

.4563216 

.8808149 

.4717815 

.8817155 

.4870977 

.8733475 

51 

10 

0.4565804 

0.8896822 

0.4720380 

0.8815782 

0.4873517 

0.8732058 

50 

11 

.4568392 

.880)193 

.4722944 

.8814409 

.4876057 

.8750640 

49 

12 

.4570979 

.8804164 

.4725508 

.881.3035 

.4878597 

.8729221 

48 

13 

.4573566 

.889283 4 

.4728071 

.8811660 

.4881136 

.8727801 

47 

14 

.4576153 

.8891503 

.4730634 

.8810284 

.4883074 

.8720381 

46 

15 

.4578739 

.8890171 

.4733107 

.8808907 

.4880212 

.8724960 

45 

16 

.4581325 

.8888830 

.4735759 

.8807530 

.4888750 

.8733538 

44 

17 

.4583910 

.8887506 

.47.38321 

.8806152 

.4891288 

8722110 

43 

18 

.4586496 

.8886172 

.4740882 

8804774 

.4893825 

8720093 

42 

19 

.4589080 

.8884838 

.474344.3 

880,3304 

.4890301 

.8719209 

41 

20 

0.4591665 

0.8883503 

0.4740004 

0.8802014 

0.4808897 

0.8717844 

40 

21 

.4594248 

.8882166 

.4748564 

.8800033 

.49014,3,3 

.8716419 

39 

22 

.4596832 

.8880830 

4751121 

.8799251 

.4903968 

.8714993 

38 

23 

.4599415 

.8879492 

.4753683 

.8797869 

.4906503 

,8713500 

37 

24 

.4601998 

.8878154 

.4756242 

.8796486 

.4909038 

.8712138 

36 

25 

.4604580 

.8876815 

.4758801 

.8795102 

.4911572 

.8710710 

35 

26 

.4607162 

.8875475 

.4761359 

.8793717 

.4914105 

.8709281 

34 

27 

.4609744 

.8874134 

.4763917 

8792332 

.4910038 

.8707851 

33 

28 

.4612325 

.8872793 

.4766474 

.8790946 

.4919171 

.8706420 

32 

29 

.4614906 

.8871451 

.4769031 

.8789559 

.4921704 

.8704989 

31 

30 

0.4617486 

0.8870108 

0.4771588 

0.8788171 

0.4924236 

0.8703557 

30 

31 

.4620066 

. 886876•> 

.4774144 

.8780783 

.4920767 

.8702134 

29 

32 

.4622646 

.8867420 

.4776700 

.8785304 

.4929298 

.8700691 

28 

33 

.4625225 

.8866073 

.4779255 

.8784004 

.4931829 

.8699256 

27 

34 

.4627804 

.8864730 

.4781810 

.8782613 

.4934359 

.8697821 

26 

35 

.4630382 

.8863383 

.4784364 

.8781222 

.4936889 

.8606386 

25 

36 

.4632960 

.8862036 

.4786919 

.8779830 

.4939419 

.8694949 

24 

37 

.4635538 

.8860688 

.4789472 

.8778437 

.4941948 

.8693512 

23 

38 

.4638115 

.8859.330 

.4792026 

.8777043 

.4944476 

.8692074 

22 

39 

.4640692 

.8857989 

.4794579 

.8775649 

.4947005 

.8690636 

21 

40 

0.4643269 

0.8856639 

0.4797131 

0.8774254 

0.4949532 

0.8689190 

20 

41 

.4645845 

.8855288 

.4799683 

.8772858 

.4952060 

.8687756 

19 

42 

.4648420 

.8853936 

.4802235 

.8771462 

.4954587 

.8686315 

18 

43 

.4650996 

.8852584 

.4804786 

.8770064 

.4957113 

.8684874 

17 

44 

.4653571 

.8851230 

.4807337 

.8768666 

.4959639 

.8683431 

16 

45 

.4656145 

.8840876 

.4809888 

.8767268 

.4962165 

.8681988 

15 

46 

.4658719 

.8848522 

.4812438 

.8765868 

.4964690 

.8680544 

14 

47 

.4661293 

.8847166 

.4814987 

.8764468 

.4967215 

.8679100 

13 

48 

.4663866 

.8845810 

.4817537 

.8763067 

.4969740 

.8677655 

12 

49 

.4666439 

.8844453 

.4820086 

.8761665 

.4972264 

.8676209 

11 

50 

0.4669012 

0.8843095 

0.4822634 

0.8760263 

0.4974787 

0.8674762 

Kil 

51 

.4671584 

.8841736 

.4825182 

.8758859 

.4977310 

.8673314 

9 

52 

.4674156 

.8840377 

.4827730 

.8757465 

.4979833 

.8671866 

8 

53 

.4676727 

.8839017 

.4830277 

.8756051 

.4982355 

.8670417 

7 

54 

.4679298 

. 88376.36 

.4832824 

.8754645 

.4984877 

.8668967 

6 

55 

.4681869 

.8836295 

.4835370 

.8753239 

.4987399 

.8667517 

5 

56 

.4684439 

.8834933 

.4837916 

.8751832 

.4989920 


4 

57 

.4687009 

.8833569 

.4840462 

.8750425 

.4992441 


3 

58 

.4689578 

.8832206 

.4843007 

.8749016 

.4994961 


2 

59 

.4692147 

.8830841 

.4845552 

.8747607 

.4997481 


1 

60 

0.4694716 

0.8829476 

0.4848096 

0.8746197 



H 


Cosine 

i Sine 

Cosine 

Sine 

Cosine I 

Sine | 


/ 

62° 1 

#i° 1 

•0° 1 


























142 Natural Sines and Cosines [XI 


/ 

© 

o 

! 31° | 

I 32° 

/ 


Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 


o' 

J.5000000 

0.8660254 

0.5150381 

0.8571673 

0.5299193 

0.8480481 

60 

■ ■ 


.8658799 

.5152874 

.8570174 

.5301659 

.84/8939 

59 



.8657344 

.5155367 

.8568675 

.5304125 

.8477397 

58 



.8655887 

.5157859 

.8567175 

.5306591 

.8475853 

57 



.8654430 

.5160351 

.8565674 

.5309057 

.8474309 

56 



.8652973 

.5162842 

.8564173 

.5311521 

.8472765 

55 



.8651514 

.5165333 

.8562671 

.5313986 

.8471219 

54 


wmvtm 

.8650055 

.5167824 

.8561168 

.5316450 

.8469673 

53 

8 

.5020140 

.8648595 

.5170314 

.8559664 

.5318913 

.8468126 

52 

9 

.5022655 

.8647134 

.5172804 

.8558160 

.5321376 

.8166579 

51 

10 

0.5025170 

0.8645673 

0.5175293 

0.8556655 

0.5323839 

0.8465030 

50 

m 

liMH 

.8644211 

.5177782 

.8555149 

.5326301 

.8463481 

49 

12 

.5030199 

.8642748 

.5180270 

.8553643 

.5328763 

.8461932 

43 

IKfl 

■ iriK >. r i < 

.8641284 

.5182758 

.8552135 

.5331224 

.8460381 

47 

irl 

B Ww 5 <- *■ n 

.8639820 

.5185246 

.8550627 

.5333685 

.8458830 

46 

[[J 

B iilK r t r jI 

.8638355 

.5187733 

.8549119 

.5336145 

.8457278 

45 

ijifl 

B * 6S 

.8636889 

.5190219 

.8547609 

.5338605 

.8455726 

44 

ikj 

B JTjj * r j J 

.8035423 

.5192705 

.8546099 

.5341065 

.8454172 

43 

|(:1 

B fltl If t Ti f 

.8633956 

.5195191 

.8544588 

.5343523 

.8452618 

42 

19 

.5047788 

.8632488 

.5197670 

.8543077 

.5345982 

.8451064 

41 

20 

0.5050298 

0.8631019 

0.5200161 

0.8541564 

0.5348440 

0.8449508 

40 

21 

.5052809 


.5202646 

.8540051 

.5350898 

.8447952 

39 

22 

.5055319 


.5205130 

.8538538 

.5353355 

.8446395 

38 

23 

■ f?tMr4;p>: 


.5207613 

.8537023 

. 5355812 

.8444838 

37 

r’-'jM 

■ } 


.5210096 

.8535508 

.5358268 

.8443279 

36 

" J 

B f!IIiW*c 1 


.5212579 

.8533992 

.5360724 

.8441720 

35 


■ fllliMiff { 


.5215061 

.8532475 

.5363179 

.8440161 

34 


■ nljificfi f 


.5217543 

.8530958 

.5365634 

.8438600 

33 


1 vHvf 1 • 


.5220024 

.8529440 

.5368089 

.8437039 

32 


B iilrWiri i 


.5222505 

.8527921 

.5370543 

.8435477 

31 

30 

M 3j/W3f 


0.5224986 

0.8526402 

0.5372996 

0.8433914 

30 

31 

MfltTSf i 

.8614815 

.5227466 

.8524881 

.5375449 

.8432351 

29 

32 

.5080396 

.3613337 

.52299-15 

.8523360 

.5377902 

.8430787 

28 

33 

.5082901 


.5232424 

.8521839 

.5380354 

.8429222 

27 

34 

.5085406 


.5234903 

.8520316 

.5382806 

.8427657 

26 

35 

.5087910 


.5237381 

.8518793 

.5385257 

.8426091 

25 

36 

.5090414 


.5239859 

.8517269 

.5387708 

.8424524 

24 

37 

.5092918 


.5242336 

.8515745 

.5390158 

.8422956 

23 

EM 



.5244813 

.8514219 

.5392608 

.8421388 

22 

ESI 

BBS SSI 


.5247290 

.8512693 

.5395058 

.8419818 

21 

40 

0.5100426 


0.5249766 

0.8511167 

0.5397507 

0.8418249 

20 

41 

.5102928 


.5252241 

.8509639 

.5399955 

.8416679 

19 

zm 

mzvsmn 


.5254717 

.8508111 

.5402403 

.8415108 

18 

43 

,5107930 


.5257191 

.8506582 

.5404851 

.8413536 

17 

44 

.5110431 


.5259665 

.8505053 

.5407298 

.8411963 

16 


mm?™ 


.5262139 

.8503522 

.5409745' 

.8410390 

15 

46 

i .5115431 


.5264613 

.8501991 

.5412191 

.8408816 

14 

zm 



.5267085 

.8500459 

.5414637 

.8407241 

13 

48 

.5120429 


.5269558 

.8498927 

.5417082 

.8405666 

12 

49 

.5122927 


.5272030 

.8497394 

.5419527 

.8404090 

11 

50 

0.5125425 


0.5274502 

0.8495860 

0.5421971 

0.8402513 

10 

51 

.5127923 


.5276973 

.8404325 

.5424415 

.8400936 

9 

52 

.5130420 


.5279443 

.8492790 

.5426859 

.8399357 

S 




.5281914 

.8491254 

.5429302 

.8397778 

7 

54 

.5135413 


.5284383 

.8489717 

.5431744 

.8396199 

6 

55 

.5137908 


.5286853 

.8488179 

.5434187 

.8394618 

5 

56 

.5140404 


.5289322 

.8486641 

.5436628 

.8393037 

4 

57 

.5142899 


.5291790 

.8485102 

.5439069 

.8391455 

3 

58 

.5145393 


.5294258 

.8483562 

.5441510 

.8389873 

2 

59 

.5147887 


.5296726 

.8482022 

.5443951 

.8388290 

1 

60 



0 5299193 

0 8480481 

0.5446390 

0.8386706 

C 


[ Cosine 

| Sine 

Cosine 

Sine 

Cosine 

Sine 



69 ° 

1 58 ° 

| 67 ° 
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.5330338 
. r»;>38700 
.55411X2 
. 5543603 

.5546024 
. 5548441 
. 5550864 
. 5553285 
.5555702 
.5558121 




. otmtwo 

.8283864 
.8282234 
.8280603 
.8278972 
.8277340 
.8275708 
0.8274074 

.8272140 
.8270800 
.8209170 
.8207534 
.8205897 
.8204200 
.8202022 
.8200983 
.8259343 
0.8257703 

.8250062 
.8254420 
.8252778 
.8251135 
.8249491 
.8247847 
.8240202 
.8244550 
.8242909 
0.8241202 

.8239614 
.8237905 
.8230316 
.8234000 
.8233015 
.8231304 
.8229712 
.8228059 
.8220405 
0.8224751 

.8223000 
.8221440 
.8219784 
.8218127 
.8210409 
.8214811 
.8213152 
.8211492 
.8209832 
0.8208170 

.8200509 
.8204840 
.8203183 
.8201519 
.8199854 
.8198189 
.8190523 
.8194850 
.8193189 
0.8191520 


Sine 


Cc 

0.81 

.81 

wine 

91520 

89852 

.81 




.5785696 
.5788009 
.5790440 
.5792812 
.5795183 
.5797553 
.5799923 
.5802292 
.5804001 
0.5807030 

.58011397 
.5811705 
.5814132 
.5810498 
.5818804 
.5821230 
.5823595 
.5825959 
.5828323 
0.5830087 

.5833050 
.5835412 
.5837774 
.5840130 
.5842497 
.5844857 
.5847217 
.5849577 
.5851930 
0.585429** 

.5850052 
.5859010 
.5801307 
.5803724 
.5866080 
.5868435 
.5870790 
.5873145 
.5875499 
0.5877853 


56 
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t 

se° 1 

S7« 1 

38° 1 

/ 


Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 


T 

0.5877853 

0.8090170 

0.6018150 

0.7986355 

0.6156615 

0.7880108 

60 

1 

.5880206 

.8088460 


.7984601 

.61!i8907 

.7878316 

59 

2 

.5882558 

.8086749 

.6022795 

.7982853 

.6161198 

.7876524 

58 

2 

.5884910 

.8085037 

.6025117 

.7981100 

.6163489 

.7874732 

57 

4 

.5887262 

.8083325 



.6165780 

.7872939 

56 

r> 

.5889613 

.8081612 

.6029760 

.7977594 

.6168069 

.7871145 

55 

G 

.5891964 

.8079899 

■linmiiaul 

.7975839 

.6170359 

.7869350 

54 

7 

.5894314 

.8078185 

.6034400 

.7974084 

.6172648 

.7867555 

53 

8 

.5896063 

.8076470 

.6036719 

.7972329 

.6174936 

.7865759 

52 

9 

.5899012 

.8074754 

.6039038 

.7970572 

.6177224 

.7863963 

51 

10 

0.5901361 

0.8073038 

0.6041356 

0.7968815 

0.6179511 

0.7862165 

50 

11 

.5903709 

.8071321 

.6043674 

.7967058 

.6181798 

.7860367 

49 

12 

.5906057 

.8069603 

.6045991 

.7965299 

.6181081 

.7858569 

48 

13 

.5908401 

. 800788 r i 

.6048303 

.7963540 

.6186370 

.7856770 

47 

14 

.5910750 

.8066160 

.6050624 

.7961780 

.C188655 

.7854970 

46 

15 

.591301)6 

.8064446 

.6052940 

.7960020 

.6190939 

.7853169 

45 

1G 

.5915442 

.8002720 

.6055255 

,7958259 

.0193221 

.7851368 

44 

17 

.5917787 

.sooioor 

.6057570 

.7956497 

.6195507 

.7849506 

43 

18 

.5920132 

.8059283 

.6059884 

.7954735 

.6197790 

.7847764 

42 

19 

.5922176 

.8057500 

.6062198 

.7952972 

.6200073 

.7815961 

41 

20 

0.5924819 

0.8005837 

0.6061511 

0.7951208 

).6202355 

0.7844157 

40 

21 

.5927163 

.8054113 

.6066824 

.7919444 

.6204636 

.7812352 

39 

22 

. 592950 "i 

.8052389 

.6069136 

.7917678 

.6206917 

.7840547 

38 

23 

.5931817 

.8050001 

.6071447 

.7945913 

.6209108 

.7838741 

37 

24 

.5934189 

.8018938 

.6073758 

.7944146 

.6211178 

.7836935 

36 

25 

.5936530 

.8017211 

.6076069 

.7912379 

.6213757 

.7835127 

35 

26 

.5938871 

.8045181 

.6078379 

.7940011 

.6216036 

.7833320 

31 

27 

.5941211 

.8013756 

.6080689 

.7938813 

.6218311 

.7831511 

33 

28 

.5913550 

.8042028 

.6082998 

.7937074 

.6220592 

.7829702 

32 

29 

.5915889 

.8040290 

.6085306 

.7935301 

.6222870 

.7827892 

31 

30 

0.5948228 

0.8038569 

9.6087614 

0.7933533 

0.6225110 

0.7826082 

30 

31 

.5950566 

8036S38 

.6089922 

.7931762 

.6227423 

.7824270 

29 

32 

.5952901 

8015107 

.6092229 

.7929990 

.6229698 

7822459 

28 

33 

.5955211 

.8033375 

.6091535 

.7928218 

.6231971 

78206 M> 

27 

34 

.5957577 

.8031612 

.0096811 

.7926415 

.6231248 

7818833 

26 

35 

.5959913 

8029909 

.6099117 

.7921671 

.6236522 

7817019 

25 

36 

.59622-19 

.8028175 

.6101452 

.7922896 

.6238796 

7815205 

21 

37 

.5961581 

.8026440 

.6103756 

.7921121 

.6241069 

7813390 

23 

38 

.5966918 

.8021705 

.6106060 

.7919315 

.6213342 

7811571 

22 

39 

.5069252 

8022969 

0108363 

.7917569 

624561t 

7809757 

21 

40 

0.5971586 

J.8021232 

0.6110666 

0.7915792 

0.6217885 

0.7807940 

20 

41 

.5973919 

.8019495 

.6112960 

.7914014 

.6250156 

.7806123 

19 

42 

.5976251 

.8017756 

.6115270 

.7912235 

.6252427 

7804304 

18 

48 

.5978583 

.8016018 

.6117572 

.7910156 

.6251696 

7802185 

17 

44 

.5980915 

SOI 1278 

.6119873 

.7908076 

.6236966 

7800665 

16 

45 

.5983216 

8012538 

.0122173 

.7906896 

.6259235 

.7798845 

15 

46 

.5985577 

.8010797 

.6121473 

.7905115 

.626 1 503 

7797024 

11 

47 

.5987906 

.8009056 

.0126772 

.7903333 

.62637"1 

.7795202 

13 

48 

.5990236 

.80073l1 

.6129071 

.7901550 

.6266038 

.7793380 

12 

49 

,5992565 

8005571 

.6131369 

7899707 

6268305 

*’791557 

11 

50 

0.5094893 

0.8003827 

0.6133666 

0.7897983 

0.6270571 

0.7759733 

10 

51 

.5997221 

.8002083 

.0135964 

.7890198 

.0272837 

.7787909 

>f 

52 

.5999549 

.8000338 

.6138260 

.7891413 

.0275102 

.7786084 

8 

53 

.6001876 

.7998593 

.6140556 

.7892627 

.0277360 

.7784258 

7 

54 

.6004202 

.7996847 

.6142852 

.7890811 

.6279631 

.7782431 

6 

55 

.6006528 

.7995100 

.6115147 

.7889054 

.6281891 

.7780604 

5 

5G 

.6008854 

.7993352 

.6147442 

.7887266 

.6284157 

.7778777 

4 

57 

.6011179 

.7991601 

.6119736 

.7885477 

.6286420 

.7776949 

3 

58 

.6013503 

.7989855 

.6152029 

.7883088 

.6288682 

.7775120 

2 

59 

.6015827 

.7988105, 

. .6151322 

.7881898 

.6290943 

.7773290 

1 

60 

0 6018150 

0.7986355 

0.6156615 

0 7880108 

0 6293204 

0.7771460 

0 


Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 


/ 

63° 

1 52° 

1 51° 

























Natural Sines and Cosines 


Sine 


0 0.6293204 

1 .6295464 

2 .6297724 

3 .6299983 

4 .6302242 

5 .6304500 

6 .6306758 

7 .6309015 

8 .6311272 

9 .6313528 


10 

(1.6315784 

11 

.6318039 

12 

.6320293 

13 

.6322547 


.6324800 

15 

.6327053 

16 

.6329306 

17 

.6331557 

18 

.6333809 

19 

.6330059 

20 

0.6338310 

21 

.6340559 

22 

.6342808 

23 

.6345057 

24 

.6347305 

25 

.0349553 

26 

.6351800 

27 

.6354046 

28 

.0350292 

29 

.6358537 

30 

0.6360782 

31 

.6363026 

32 

.6365270 

33 

.6367513 

34 

.6369756 

35 

.6371998 

36 

.6374240 

37 

.6376481 

38 

.6378721 

39 

.638096t 

40 

0.6383201 

41 

.6385440 

42 

.6387678 

43 

.6389916 

44 

.0392153 

45 

.0394390 

46 

.639G626 

47 

.6398862 

48 

.0401097 

49 

.6403332 

50 

0.6405566 

61 

.6407799 

52 

.6410032 

53 

.6412264 

54 

.6414496 

55 

.6416728 

56 

.6418958 

57 

.6421189 

58 

.6423418 

69 

.6125647 

60 

0.6427876 


Cosine 


0.7771460 
.7769629 
.7767797 
.7765965 
.7764132 
.7762298) 
.7760464 
.77586291 
.7756794 
.7754957 
.7753121 

.7751283 
.7749445 
.7747606 
.7745767 
.7743926 
.7742086 
.7740244 
.7738402 
.7736559 
0.7734716 0 

.7732872 
.7731027 
.7729182 
.7727336 
.7725489 
.7723642 
.7721794 
.7719945 
.7718096 
0.7716246 |0 

.7714395 
.7712544 
.7710692 
.7708840 
.7706986 
.7705132 
.7703278 
.7701423 
.7699567 
0.7697710 10 

.7695853 
.7693990 
.7692137 
.7690278 
.7688418 
.7686558 
.7684697 
.7682835 
.7680973 
0.7679110 0. 

.7677246 

.7675382 

.7673517 

.7671652 

.7669785 

.7667918 

.7666051 

.7664183 1 

.7662314 

.7660444 (0 


Sine 


0.6427876 
.6430104 
.6432332 
.0434559 
.6436785 
.6439011 
.6441236 
.6443461 
.6445685 
.6447909 
0.6450132 
.6452355 
.6454577 
.6456798 
.6459019 
.6461240 
.6463460 
.6465679 
.6467898 
.6470116, 
0.6472334 0 

.6474551* 
.6476767 
.6478981 
.6481199 
.6483414 
.6485628 
.6487842 
.0490056 
.6492208 
10.6494480 0 

.6496692 
.6498903 
.6501114 
.6503324 
.6505533 
.6507742 
.6509951 
.0512158 
.6514300 
10.6516572 0 

.6518778 
.6520984 
.6523189 
.6525394 
.6527598 
.0529801 
.0532004 
.0534206 
.6536408 
10.6538609 0 

.6540810 
.6543010 
.6545209 
.6547408 
.6549607 
.6551804 
.6554002 
I .6556198 
.6558395 
0.6560590 


C oai no 


Cosine 


0.7660444 

.7658574 

.7650704 

.7654832 

.7652900 

.7651087 

.7649214 

.7647340 

.7045405 

.7643590 

0.7641714 


.7030838 
.7637900 
.7630082 
.7634204 
.7632325 
.7030445 
.7028504 
. 7020083 
.7024802 
.7622919 

.7621036 

.7019152 

.7617208 

.7015383 

.7013497 

.7011611 

.7009724 

.7007837 

.7005919 

.7604060 

.7602170 
.7000280 
.7598389 
.7590498 
.7594000 
.7592713 
.7590820 
.7588920 
.7587031 
.7585136 

.7583240 
.7581343 
.7579440 
.7577548 
.7575050 
.7573751 
.7571851 
.7509951 
.7508050 
.7566148 

.7.564246 
.7502343 
.7560439 
.7558535 
.7550630, 
.7554724' 
.7552818 
.7550911 
.7.549004 
.7547096 


Sine 


0.6560590 0 
.6562785 
.6364980 
.6507174 
.6569367 
.6571560 
.6573752 
.6575944 
.6578135 
.6580320 
0.6582510 <‘ 

.0584706 
.6586895 
.6589083 
.6591271 
.6.503458 
.0595645 
.6597831 
.6600017 
6602202 
0.6604380 0 

.6600570 
.0008751 
0619930 
.0013119 
.0015300 
.0017482 
.0019002 
.0021812 
.0024022 
0.6020200 0 

.0028379 
.0630557 
.6632734 
.0634910 
.6637087 
.6039262 
.6041437 
.0043012 
.0045785 
0.6647959 0 

.6650131 
.6652304 
.0654475 
.6650646 
.6658817 
.0060987 
.0663156 
.0665325 
.6607493 
0.6669601 0 

.6671828 

.6073994 

.6676100 

.6678326 

.6680490 

.6682655 

.6684818 

.6686981' 

.6689144 

0.6691306 


Oosme 


Cosine 


.7547090 
.7545187 
.7543278 
.7541368 
.7539457 
.7537546 
.7535634 
.7533721 
.7531808 
.7529894 
.7527980 
.7526065 
.7524149 
.7522233 
.7520310 
.75’8308 
.7516480 
.7514561 
.7.>1^041 
.7510721 
.7508800 

.7506879 

.7504957 

.7503034 

.7501111 

.7499187 

.7497262 

.7495337 

.7493411 

.7491484 

.7489557 

.7487620 

.7485701 

.7483772 

.7481842 

.7479912 

.7477981 

.7476049 

.7474117 

.7472184 

.7470251 

.7468317 

.7466382 

.7464446 

.7462510 

.7460574 

.7458636 

.7456699 

.7454760 

.7452821 

.7450881 

.7448941 

.7446999 

.7445058 

.7443115 

.7441173 

.7439229 

.7437285 

.7435340 

.7433394 

.7431448 


Sine 





























146 Natural Sines and Cosines [XI 



42 ° 1 

43° 

44° 1 

/ 


Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 


0 

0.6691306 

0.7431448 

0.6819984 

0.7313537 

0.6946584 

0.7193398 

"60 

1 

.6693468 

.7429502 

.6822111 

.7311553 

.G948676 

.7191377 

59 

2 

.0695628 

.7427554 

.6824237 

.7309568 

.0950707 

.7189355 

58 

3 

.6697789 

.7425600 

.6826363 

.7307583 

.6952858 

.7187333 

57 

4 

.6699948 

.7423658 

.6828489 

.7305597 

.6954949 

.7185310 

56 

5 

.0702108 

.7421708 

.6830613 

.7303010! 

.0957039 

.7183287 

55 

6 

.0704206 

.7419758 

.6832738 

.7301623 

.6959128 

.7181263 

54 

7 

.0700424 

.7417808 

.6834861 

.7299035 

.6961217 

7179238 

53 

8 

.0708582 

.7415857 

.6836984 

.7297040 

.0963305 

.7177213 

52 

9 

.0710739 

.7413905 

.6839107 

.7295057 

.6965392 

7175187 

51 

10 

0.0712895 

0.7411953 

0.6841229 

0.7293008 

0.6967479 

0.7173161 

50 

11 

.0715051 

.7410000 

.6843350 

.7291677 

.6969565 

.7171134 

49 

12 

.0717200 

.7408040 

.6845471 

.7289080 

.0971651 

.7109100 

48 

13 

.0719361 

.7406092 

.6847591 

.7287095 

.0973736 

.7167078 

47 

U 

.0721515 

.7404137 

.6849711 

.7285703 

.6975821 

.7165049 

46 

15 

.6723008 

.7402181 

.6851830 

.7283710 

.6977905 

.7163019 

45 

10 

.0725821 

.7400225 

.6853948 

.7281710 

.0979988 

.7160989 

44 

17 

.0727973 

.7398268 

.6856066 

.7279722 

.6982071 

.7158959 

43 

18 

.0730125 

.7396311 

.6858184 

.7277728 

.6984153 

.7156927 

42 

19 

.6732270 

.7394353 

.6860300 

.7275732 

.0980234 

.7154895 

41 

20 

0.6734427 

0.7392394 

0.6862416 

0.7273730 

0.6988315 

0.7152863 

40 

21 

.6736577 

.7300435 

.6864532 

.7271740 

.6990396 

.7150830 

39 

22 

.0738727 

.7388475 

.6866647 

.7209743 

.6992470 

.7148796 

38 

23 

.0740870 

.7386515 

.6868761 

.7267745 

.6994555 

.7146762 

37 

24 

.6743024 

.7384553 

.6870875 

.7205747 

.0996633 

.7144727 

36 

25 

.6745172 

.7382592 

.6872988 

.7263748 

.0998711 

.7142691 

35 

26 

.0747319 

.7380629 

.6875101 

.7261748 

.7000789 

.7140655 

34 

27 

.6749460 

.7378666 

.6877213 

.7259748 

.7002866 

.7138618 

33 

28 

.0751012 

.7376703 

.6879325 

.7257747 

.7004942 

.7136581 

32 

29 

.0753757 

.7374738 

.6881435 

.7255746 

7007018 

.7134543 

31 

30 

0.6755902 

0.7372773 

0.6883546 

0.7253744 

0.7009093 

0.7132504 

30 

31 

.6758046 

.7370808 

.688.5655 

.7251741 

.7011167 

.7130465 

29 

32 

.6760190 

.7368842 

6887765 

.7249738 

.7013241 

.7128426 

28 

33 

.6762333 

.7366875 

.6889873 

.7247734 

.7015314 

.7126385 

27 

34 

.6764476 

.7364908 

.6891981 

.7245729 

.7017387 

.7124344 

26 

35 

.6766618 

.7362940 

.6894089 

.7243724 

.7019459 

.7122303 

25 

36 

6768760 

.7360971 

.6896195 

.7241719 

.7021531 

.7120260 

24 

37 

.6770901 

.7359002 

.6898302 

.7239712 

.7023601 

.7118218 

23 

38 

6773041 

.7357032 

6900407 

.7237705 

.7025672 

7116174 

22 

39 

.6775181 

.7355061 

.6902512 

.7235098 

7027741 

7114130 

21 

40 

0.6777320 

0.7353090 

0.6904617 

0.7233690 

0.7029811 

0.7112086 

20 

41 

.6779459 

.7351118 

.6906721 

.7231681 

.7031879 

7110041 

19 

42 

6781597 

.7349146 

.6908824 

.7229671 

.7033947 

.7107995 

18 

43 

.6783734 

.7347173 

.6910927 

.7227661 

.7036014 

.7105948 

17 

44 

6785871 

.7345199 

, .6913029 

.7225651 

.7038081 

.7103901 

16 

45 

.6788007 

.7343225 

1 .6915131 

.7223640 

.7040147 

7101854 

15 

46 

.6790143 

.7341250 

.6917232 

.7221028 

.7042213 

7099806 

14 

47 

.6792278 

.7339275 

.6919332 

.7219615 

.7044278 

7097757 

13 

48 

6794413 

.7337299 

.6921432 

.7217602 

.7046342 

.7095707 

12 

49 

6796547 

.7335322 

6923531 

.7215589 

.7048406 

7093657 

11 

60 

0.6798681 

0.7333345 

0 6925630 

0.7213574 

0.7050469 

0.7091607 

10 

51 

.6800813 

.7331367 

.6927728 

.7211559 

.7052532 

.7089556 

0 

52 

.6802946 

.7329388 

.6929825 

.7209544 

.7054594 

.7087504 

8 

53 

.6805078 

.7327409 

.6931922 

.7207528 

.7056655 

.7085451 

7 

54 

.6807209 

.7325429 

.6934018 

.7205511 

.7058716 

.7083398 

0 

55 

.6809339 

.7323449 

.6936114 

.7203494 

.7060776 

.7081345 

5 

56 

.6811469 

.7321467 

.6938209 

.7201470 

.7062835 

.7079291 

4 

57 

.6813599 

.7319486 

.0940304 

.7199457 

.7064894 

.7077236 

3 

58 

.6815728 

.7317503 

6942398 

.7197438 

.7066953 

.7075180 

2 

59 

.6817856 

.7315521 

.6944491 

.7195418 

.7069011 

.7073124 

1 

60 

0.6819984 

0.7313537 

0 6946584 

0.7193398 

0 7071068 

0 7071068 

0 


Cosine 

Sine 

Cosine 

BEGEM 

Cosine 

Sine 



| 47° 

II *6' 

II 45° 

9 
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By pages of text, except where otherwise referred to pages of Tables. 


Abney, hand level and clinometer, 71 
Abrams contour finder, 520 
Abstracts of title, 198, 029 
Accidental errors, 30 
Accretion, 200 
Accumulative errors, 28, 29 
Accuracy in (see Precision) 
compass work, 57, 58 
distances, 7, 8, 35, 30 
engineering astronomy, 150, 30 1 , 
423, 424 
leveling, 91, 92 

stadia measurements, 172 171, 
413 

transit work, 102, 100, 107, 120 
Acquiescence, 200, 030 
Acn*-feet, 002 

Acres, square feet in, 20 (of tables) 
Adit, 073 

Adjustment and care of instill¬ 
ments, 129-147 
care and use of, 130, 131 
in mining, 074-078 
clinometer, 140, 147 
compass, 145, 140 
dumpy level, 142, 143 
eyepiece, focusing of, 133, 134 
field and shop, 132, 133 
general procedure in, 117 
hand level, 140, 147 
importance of, 131, 132 
minor repairs, 131 
parallax, 133, 134 
selection and purchase, 129 
striding level, 338 
transit, field, 135-142 
shop, 142 

understanding of, 134 
wye level, 143-145 
Adjustment of, angles, 188, 341- 
343 

1 rural airr» 1 litq 92 440~442 


quadrilateral angle*, 311 -313 
traverse, 295-298, 300 
Admissibility of maps, plates and 
field notes as evidence, 033. 031 
Adverse possession, 200, 030 
Aerial cameras, 473-480 (see also 
Phot ogrammet ry, camera) 

Verial maps (see Phot ogrammet rv, 
maps) 

Aerial photographs (see Photo- 
grammet ry, photographs) 

Aerial photography, 207-208 (see 
also Phot ogrammet ry) 
Aerial-stereotopographic map, 520 
Aerial surveys (see Photogram- 
met ry, surveys) 

Aerial topographic map, 520 
Acrocartograph, 513, 511 
Acroprojector, multiplex, 510, 517 
Agencies, planning, 048 
Agreement, boundary by, 032 
parol, 032 
Agonic line, 49 
Alidade, 200, 419-450 
Almanac (see American Kphemeris) 
Altimeter (see Barometer) 

Altitude, 308-370 
correction to observed, 385-387 
of flight, 504 

American Kphemeris and Nautical 
Almanac, 372, 385, 387, 397- 
399, 401 

Anchor bolts, 715 

Aneroid barometer, 92-95, and 
100-103 (of tables) 

Angles, adjustment of, 341-343 
azimuth, 111-113 
bearing, 52, 53 
by repetition, 100, 107, 340 
deflection, 109, 111 
drafting, 30, 37, 38 
horizontal, with transit, 105, 113 
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intersecting arcs, 464 
measurement in triangulation, 
338, 341 

plotting of, 460, 461, 404 
sine-cosine method, 404 
tangent method, 404 
taping, 36, 37, 38 
threc» arm protractor, 460, 401 
to right (see Direct angles), 108, 
109, 678 
traverse, 359 

vertical, with transit, 120-123 
Angular convergence of meridians, 
229, and 99 (of table's) 

Angular errors, adjustment of, 291- 
292 

Apparent time, 380 
Applied engineering surveys, intro¬ 
duction to, 323-325 
contract, surveys by, 323-325 
general, 326 

instruments, surveying, 321 
organization of the survey, 321 
professional duties of the engi¬ 
neer, 323 
profile, test, 325 

social responsibility of tin* engi- 
neer, 323 

specifications, survey, 325 
surveying instruments, 321 
surveving techniques, changing, 
324 

surveys by contract, 321, 325 
survey sf>ecifications, 325 
test profile, 325 
Arc, Beaman, 452-454 
Arc definition for curve, 247, 248 
Area, by coordinates, 300-301 
by IX M. IXs., 300-301 
covered by photograph, 501 
of cross-sections, 256-259 
Area surveys, 261-271 (see also 
Horizontal control, Topo¬ 
graphic details, and Vertical 
control) 
control for, 261 
costs of, 318, 319 
definition, 261 
filling in details, 262-268 
photography, by, 238-240, 
267-268 

plane table, by, 265 


rectangles, by, 265-266 
transit-stadia, by, 262-265 
mapping by contract, 270 
maps, scale and use of, 268, 269 
available, 180, 181, 260 
plotting data for, 269, 270 
traverse for, 201 
Army grids, U. S. } 593-595 
Artificial control for stream meas¬ 
urement, 618, 623 
Artificial horizon, 394, 395 
Ascension (see Right ascension) 
Astronomical observations, 150 
160 (see also Astronomy) 
Astronomical precision, 423, 424 
Astronomical triangle, 374-376,396, 
405, 413, 414 

Astronomy, engim*ering, 150-160, 
364-429 

Automatic water level recorder, 604 
Autumnal equinox, 370 
Auxiliary telescope, 675, 680 
Auxiliary triangle for traverse, 355 
Average end areas, volume by, 257, 
258 

Avulsion, 206 
\ziniuth, 368-370 
astronomical observation, by, 
150-160 (see also Astron¬ 
omy, engineering) 
available, 193 

control of traverse, cut-off for, 
347 

geodetic, 589 
grid, 590 

mark at triangulation station, 355 
observat ions, field work and cal¬ 
culations for, 150-160, 397- 
415 

Polaris observation, from, 150- 
155, 397-408 
projection, 586 

solar observations, from, 155-160, 
374, 375, 408-415 
survey methods, 111-113 
traverse*, by, 112 
Azimuthal projection, 586 

Back (or roof), 673 
Back azimuth, 113 
Backsight, 78 

Balancing a closed traverse, 295-298 
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Barometers, aneroid, 92-95, 100- 
103 (of tables) 
barograph, 94 

Base line, calculations for, 350-354 
measurement of, 35, 36, 188, 344- 
354 

U. S. land surveys, 210-213 
Base net, 186 

Batter boards, 278, 713, 714 
Beaman arc, 166, 450-452 
Bearings of linos, 52-55 
calculation of, 54, 55 
obtaining, 53, 54 
Bench marks, 77, 78, 431 
loeation of, 430 
spacing of, 430 
specifications for, 431 
Berger tilting level, 433 
Bidding and quantity surveys, 691 
Bilby steel tower for triangulation, 
334, 335 

Blighted districts, 647 
Bore-hole, 673 
surveying, 696 
Borrow pits, 259 
Bottom material soundings, 599 
Boundaries, arbitrator for, 632 
expert witness for, 632 
land (see Land surveys) 
Boundary by agreement, 632 
Boundary surveying, legal prin¬ 
ciples of, i 97-234, 628-6 46 
(see also Land surveys) 
Breaking tape, 14-16 
Bridge sites, 278, 715-718 
Brunton compass, 47, 48, 6S1 
Bubble, sensitivity of, 64-66, 432, 
433 

Buildings, staking, groups of, 720 
Buildings, staking out, 278, 718 
Buoys, anchored, 598 
Bureau of Land Management, 21 > 

Calculations (see Computation) 
Cameras, aerial, 473-486 
fiducial marks, 487 
focal length, 481-486 
lens, 477-486 
* principal point of, 481 
shutter, 488 

Care of instruments, 130-134 
Celestial bodies, 364-367 


Celestial sphere, 367 
Census, traffic, 658 
Centers, eccentricity of transit, 106 
Central point figure', 327 
Chaining (see Taping) 

Chain men, 9 

Chain of quadrilaterals, 186,187,326 
Chain of triangles, 326 
Chains, 9 

Channels, roughness, coefficients 
for, 625 

Chart, ha?her, 597 
Charts, hydrographic, 596, 597 
star, 153, 364-366 
Checkerboard control, 112 
Chocking of computations (see par¬ 
ticular subject) 

Chezy, formula, 624 
Chicago rod, 72, 73 
Chords, angles by, 38 
Chord definition of degree of curve, 
247, 248 

Circular curves, 247-252 
underground, 683, 681 
Circumpolar stars, 153, 373 
Cities, number and size of, 651 
City engineer, 648, 650-652 
duties of, 272 

responsibilities of, 618, 650, 663, 
664 

City maps, 272-275, 65U-655 
aerial surveys for, 652 
errors in, 651 
financing, 651 

horizontal control for, 652, 654 
land-use, 650 

planning surveys, 655, 656 
recommended scales for, 652 
scale, 652, 655, 656 
surveys for, 651-655 
accuracy of, 654 
equipment for, 654 
technical procedure for making, 
651-655 

topographic details for, 652, 653, 
655 

traffic flow, 650, 659 
vertical control for, 652, 655 
City plan commission, 648 
City planning problems, 647 
City planning surveys, 647-672, 
(see also City surveys) 
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census, traffic, 658 
cities, size groups of, 654 
city plan commission, 648 
city survey (see City surveys) 
civic survey, 650 
collision diagram, (Mil 
commission, city plan, 648 
condition diagram, 660 
decay of business districts, (i 17 
deed restrictions, 666 
differential levels, vertical con¬ 
trol, 654, 655 

economic and social problems, 618 
Federal Housing Administration, 
664 

intersection study, 600-002 
introduction, 047 
inventory of physical conditions, 
650 ’ 

land subdivision, 603 
land-use map, 650 
maps, city (set' City maps) 
master plan, 055-057 
regional, 057 

physical conditions, inventory of, 
650 

planning agencies, 6 48 
planning function, analysis of, 
019 

surveys and maps, 655, 050 
platting guides, 007, 008 
regional master plan, (557 
scale, map, 052, 655, 050 
size groups of cities, 05 4 
social and economic problems, 
048 

subdivision (see Subdivision) 
sunrey, city (see City surveys) 
tally sheet, traffic census, 05S 
third order accuracy, traverse 
control, 054 
topographic map, 653 
topographical details, 055 
traffic census, 658 
flow diagram, 602 
flow map, 650, 059 
surveys, 050 
tally sheet, 658 

traverse control of third order 
accuracy, 654 

vertical control, differential lev¬ 
els, 654, 655 


well-planned subdivision, 664 
zoning regulations, 665 
zoning surveys, 661 
City surveys, 272-279 (see also 
City planning surveys) 
city engineer and private engi¬ 
neers, 272 

city engineer, by, 275-277, 648 
civic, 650 

lot surveys, 272-275 
precision of, 277, 652-65 4 
staking out structures, 277-279 
subdivision, 272-275, 663-670 
traffic, 056 

triangulation, 191, 192 
zoning, 661 
Civic, survey, 650 
Civil day, 381 
Claim, mineral land, 701 
Clarke spheroid, 584 
Classification of aerial maps, 525 
Classification of map projections, 
585 

Clinometer, 71 
adjustment of, 146, 147 
Closed traverses, 291 -308 (see also 
Computation of) 

Closures, error of, 292-291 
loop, 438-440 

Coast Survey (see l T . S. ('oast and 
Geodetic Survey) 

Coefficients of roughness (for Man¬ 
ning formula), 625 
Collar of shaft, 673 
Collimation error, levels, 435 
Collision diagram, 661 
Color of title, 200 
Color, use on maps, 466 
Commission, city plan, 648 
Comparison of map scales, 443 
Compass adjustment, 145, 146 
Compass rule for traverse adjust¬ 
ment, 296 

Compass surveying, 47-59 
common errors, 57 
declination in, 47-50 
precision of readings, 57 
traversing, 58, 237 
types of, 47 
Brunton, 47, 48 
Forest Service, 47, 48 
used for, 58, 59 
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Compensating errors, 30 
Computation (see particular sub- 
jfi't) 

Computation and adjustment of 
hivel circuits, 440-442 
Computation of traverses, latitudes 
and departures, coordinate's and 
areas, 291-308 

anglers, adjustment of, 291, 292 
balancing a closed traverse', 294- 
298 

comparison of area computations, 
302-304 

coordinates, 298-301, 304, 300 
area by, 300-301 
available, 300 
computing, 298, 299 
plotting by, 304, 305 
double meridian distance's, area 
by, 301, 302 

e*rior of closure, 293, 294 
latitude's and departures, 292 -295 
missing me'asureme'nts, 305, 300 
traverse aeljustme*nt, 295-298 
trave*rse angle's, e'heeking, 291,292 
trave*rse che'e'king, 302, 301, 305 
Computing, suggestions fen*, 281, 
285 

(imputing machine's, 380 
Condition diagram, OtK) 

(’onformal pre)je‘ctie>n, 585 
Connecticut, State Ce)emlinate‘s, 591 
Ce>nne*ctie>n, undergrounel, 073, 097, 
098 

Constedlations, 304, 305 
Cemstructiem surve'ys, 705-722 
anchor bolts, 715 
avoidance of elisturbance of, 711, 
712 

brielge site's, 715-718 
buileiings, 718 
che*ckt'rbe>arel, 720 
che'cking all previous surveys, 711 
cemstructiem, preliminary, 707 
cemstruction supervision, 705-707 
contract voucher, 708, 709 
curbs, street, 714 
dams and reservoirs, 720, 721 
disturbance of, avoidance of, 711, 
712 

elevations, 712, 713 
estimate, final and monthly, 709 


estimates of quantities, 706, 707 

final estimate*, 709 

ineiustrial plants, 720 

map, site, 719 

monthly estimate, 708 

monuments, 712 

offset line's, 712 

othe*r engineering associated with, 
705-707 

pipe line, 713, 714 

preliminary const rue'tiem, 707 

progress re*port, 710 

(plant it it's, estimate's of, 700, 707 

references, 722 

reference stakes, 712 

reservoirs and dams, 720, 721 

route* surve'ys, 713 

sewers, 713, 714 

sidewalks, 714 

site, map, 719 

staking, 245-217, 707 

street curbs, 714 

streets, 714 

supervision, 705, 707 

triangulation for bridges, 718 

tunnels, 713 

types of const ruction, surveys for 
various, 713-722 
voucher, contract, 708, 709 
Contour finder, Abrams, 520 
Contouring, 175-183, 472, 512-521 
photogramme'tric, 520, 529-555 
Contour interval, choice* of, 440 
mapping, 270 
survevs bv, 321, 325 
voucher, 708, 709 
Control, 201, 444, 410, 150, 401 
aerial surveys, for, 520-529 
checkerboard, 444 
establishment of, 401 
graphical, 461 
maps, for, 590, 598 
plotting of, 450 
traverse*, 440, 450 
triangulation, 450 
Control channc'ls, 617, 018, 023 
artificial, 618, 623 
natural, 617, 623 
Controlled aerial mosaic, 526 
Control, on map, 526-529 
horizontal, 527 
picture, 527 
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slotted template, 534-536 
template, 531-533 
vertical, 527 

Control, topographic, 444-446 
Conventional signs, 45, 466-468 
Convergency of meridians, 229 
Conversion between solar and side¬ 
real time, 382-385 
Conversion rules, inches to decimals 
of foot, 9 

Table VIII, 104 (of tables) 
Coordinates, 298, 299 
area by, 300-301 
available, 306 
axes, 288, 289 
computing, 298, 299 
local plane, 589 
military grid, 593 
plotting by, 301, 305 
state plane, 589, 637, 610 
state systems of, 610 -643 
Corners (see also Land surveys and 
Ijegal principles of boundan 
surveys) 

identification of, 230, 231 
marking lines between, 223 
monuments, 227 

restoration of lost and obliterated, 
231-233, (ill 

Correction for tape, pull, 351, 352 
sag, 352, 353 
slope, 350 

temperature*, 318-351 
tension, 351, 352 

Corrections to observed altitudes, 
385-387 

Costs of Surveys (see Organization 
of surveys) 

Cross-section at a station, deter¬ 
mination of, 626 
(Yoss-section, tunnel, 689 
Cross-sectioning, 251-257 
Culmination, lower and upper, 373, 
378 

Curbs, street, 714 

Current measurement, floats for, 
604, 605 
Current meters, 

booms and reels for, 623, 624 
calibration of, 610 
manipulation of, 620 
price, 607-611, 622 


rating curve, 610 
rating table for, 608 
turbulence, effect on, 610 
use of, 612 

Currents, determining direction and 
velocity of, 596, 604, 605 
Curvature of earth, 61, 87, 88, 331 
337 
(Curves, 

horizontal circular, 247-252 
degree of, 247, 248 
note's for, 250 
parabolic, 252-253 
underground, 683, 684 
vert icul, 252-253 

Cut-off for azimuth control of 
traverse, 357 
Cut-off line's, 301 

Dams and reserveiirs, 183, 720, 721 
Datum plane's, tieial, 598 
Datum, reduction te>, 353 
Datums, level, 61, 62, 430 
Dav, civil, 381 
Davlight saving time, 382 
De'cay of business districts, 647 
De‘e*imals of foot, to inches, 9, 
Table VIII, 101 (ejf tables) 
Declination, 

chart of magne'tic, 19, 50 
magnetic, 17 

setting off the' magne'tic, 50-52 
sun or star, of, 370-374 
variation e>f magne'tic, 50 
I)e*e*els, 197, 198, 202 
plat to accompany, 63 4, 635 
restrictions, recommended prac- 
tice*, 666 

Defection angle's, 109, 111 
Degree* of curve*, 247, 218 
Departure of line, 292 
De'scription e>f land, 631, 631-638 
complete by means of plat only, 
637, 638 

government* 219 
metes and bounds, 203, 204, 635, 
638 

Detailing aerial maps, 529-555 
Details of hvdre>graphic surveys, 
598, 599 ‘ 

Details, topographic (see Topo¬ 
graphic details) 
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Differences in elevation by, barom¬ 
eter, 92-95, 100-103 (of tables) 
level, 61-92, 430-442 
stadia, 163-169, 173, 174, 448, 
449, 452-454 

vertical angles, 92, 189, 190 
Differential leveling, 78, 79 
vertical control of, 654, 655 
Dimensions of earth, 581 
Dip of needle, 52 
Dip of veins, 673 
Direct angles, 108, 109 
Direction instrument, 338 
Discharge measurements, flumes 
for, 626 

stream, notes for, 613, 616 
weiis for, 626 

Distances, measurement of, 7-38 
chains, bv, 9 
corrections, 21-28 
counting lengths, 17, 18 
field procedure, taping, Hi-18 
horizontal, correction to, 12-1 1 
horizontal, required, 12 
leveling, sight, 437, 138 
pacing, by, 7, 8 
rule's, by, 8 

sight, in leveling, 137, 438 
slope taping, by, 20-22 
speedometers, by, 8 
stadia, by, 8, 162-174, 118, 119, 
452-454 

horizontal, 448, 119, 452-451 
vertical, 118, 449, 452-151 
standardization, 22-24 
tapes, by, 10-36, 344-355, 358 
zenith, 369 

Distortions in map projection, 584- 
588, 593 

Distribution, velocity, 611, 612 
Double meridian distances, 301-302 
Double rodded leveling, 82 
Double sighting, 117 
Drafting, map, 280-290, 462-471 
Drag, wire, 600, 602 
Drainage areas, determining, 596, 
605 

Drainage basin maps, 605 
Dredging projects, estimating yard¬ 
age on, 596, 602 
Dumpy level, 70, 71 
adjustments, 142, 143 


Earth, curvature of, 61, 87, 88 
dimensions and shape of, 584 
Earth’s motions, 367, 368 
Earthwork, 253-260 
Eccentricity of, transit centers, 105, 
106 

verniers, 105, 106 
Ecliptic, 370 

Economic and social problems, 618 
Effect of stage change on stream 
discharge, 620 

Elevations, data available, 62 
determination with level, 61-92 
down a shaft, 695, 696 
sea level, 602 

stereocomparagraph, by, 520, 521 
triangulation, by, 189, 190 
Elongation, Polaris at, 397-400 
Eminent, domain, 640 
End area formula, 257-259 
Engineer, resident or project, 217 
Engineering astronomy, 361-429 
(see also Astronomy, Engineer¬ 
ing) 

Ephemeris, solar, 151, 398, 399, 409, 
411 

Equal altitude observations on any 
star, 408 

Equal area projection, 585 
Equation of time, 381 
Equator, 370 

Equatorial system, 370-372 
Equinoctial colure, 370 
Equinox, autumnal, 370 
vernal, 370 

Equipment, 537, 540 (see also par¬ 
ticular item of) 
for leveling, 431-435 
topographic, 443, 444 
Error, collimation, levels, 437 
in camera, 502 
of closure, 293-295 
Errors, compensating, cumulative, 
and probable, 28-33 
Errors (sec particular item, also 
Accuracy and Precision) 
Establishment of traverse, 356-358 
Estimate, final, 709 
Estimate, monthly, 708 
Estimates of quantities, 706, 707 
Examiner, title, 642 
Excess, spherical, 343, 344 
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Executive’s use for land surveying, 
197 

Expert testimony, 039 
Expert witness for boundaries, 032 
Exposure, time interval of, 505 
Eyepiece of telescope, 07-70 

Fairchild stereocomparagraph, 518 
525 

Fathometer, 599, (>00 
Federal Housing Administration, 
001-606 

subdivision principles, 005, 000 
accessibility, 005 
deed restrictions, 000 
encumbrances, 000 
public utilities, 005 

restrictive covenants, 000 
sewage disposal, 005 
street improvements, 005 
suitability of site, 005, 000 
water supply, 005 
zoning regulations, 005 
Fiducial marks, 487 
Field methods for topographic 
details, 443-102 

Field notes, 41-40 (see also par¬ 
ticular subject) 

admissibility of, as evidence*, 033, 
031 

essential qualities of, 41 
functions of, 41 
index, 44 

lettering and symbols, 45 
types of, 42 

EXAMPLES OF, FROM PRACTICE 

compass traverse*, 237 
inde*x, 44 

land, U. S. Public, 217, 218 
level 

borrow pits, 259 
cross-section, 250 
differential, 78 
double rodded lines, 82 
profile, 85 
transit 

angles by repetition, 107 
angles to right, traverse, 109 
astronomic observations, 154, 
159 


azimuth traverse, 112 
curve, railway location, 250 
deflection angle traverse, 110 
dire*ct angle traverse, 109 
improvements, locating, 125 
meridian observation, Polaris, 
154 

meridian observation, solar, 159 
mine surveys, 311 
Polaris observation, 154 
repeat(‘(l angle*s, 107 
solar observation, 159 
stadia, preliminary, 242 
topography, preliminary, 241 
traverses 

angles to right, 109 
azimuth, 112 
compass, 237 
deflection angle*, 110 
direct angle, 109 
underground, 311 

FORMS FOR STUDENT PRACTICE 

angles, transit, 123, 129 (of table's) 
area calculations, 117-122 (of 
tables) 

compass traverse, 116 (of table's) 
differential levels, 114 (of table's) 
general statement, 108 (of tables) 
height of tower, 127, 130 (e>f 
tables) 

passing obstacles, 126 (of table's) 
profile levels, 115 (of table's) 
prolongation by double sighting, 
124 (of table's) 

tape survey, 109-110 (of table's) 
tape survey calculations, 111-113 
(of tables) 

te*sts of dumpy lcve*l adjustments, 
128 (of table's) 

transit traverse's, 125, 131 (of 
tables) 

Field procedure for prt'cise leveling 
435-440 

Fie*ld work (see particular subje*ct) 
Final estimate, 651 
Final location, 213-245 
First-order level notes, 439 
Floats for current measurement, 
604, 605 

Floats, types e>f, 604 
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Flow map, traffic, 659 
at intersection, 662 
Flow measurements, 605 -627 (see 
also Hydrographic surveying) 
Flume, Parshall, 626 
Flumes for discharge measurements, 
626 

Focal length, camera, 481—186 
Focusing, internal, 68-70 
Foresight, 78 
Formulas, How, 624, 625 
Ghezy, 624 
Manning, 625 

Fundamentals of traverse, 355 
Fusion, st ereoscopie, 510 -512 
geometry of, 510-512 

Gage, 603, 601, 620 
hook, 603 
river, 620 
staff, 603 
tide, 603, 604 

water level recorder, 603, 604 
General hand Office, 206 
Geodetic azimuth, 589 
Geodetic surveys, 5 
Geophysical exploration, 698-700 
Government land surveys (sec Land 
surveys) 

Grade rod, 257 
Grading, 253-259 
Graduated circles, 99-104 
Great circles, 368 
Greenwich, England, 371 
Grid, azimuth, 590 

system, military, 593-595 
Ground photography, 486 
Ground rod, 257 
Gunter’s chain, 9 

Hachures, 175 
Hand level, 71 
adjustments, 146, 147 
Harbor chart, 592 
Headings, carrying station align¬ 
ment into, 683-685 
underground, 674 
Heliotrope, 332 
Highway curves, 247, 248 
Highway surveys (sec Route surveys) 
Historical incident in land survey¬ 
ing, 644, 645 


History of photogrammetrv, 472- 
473 

Hook gage, 603 
Horizon, artificial, 394-395 
system, 368-370 

Horizontal angles with transit, 
105-114 

Horizontal control, 326-363 (see ,d>»o 
Triangulation, and Traverse) 
of aerial surveys, 501 
Horizontal distances, 12-15 
Hour angle, 371-374 
Polaris at any, 400 107 
system, 372-374 
Hour circles, 371 
Hubs, 18 

Hydrographic charts, 596 
Hydrographic surveying, 596-005 

Impounded water, 602 

Inclined openings, meridian into, 
690-692 

Inclined sights, stadia, 163 
index corrections, vertical angles, 
122 

Index for field notes, 44 , 281 
Indiana, State Coordinates, 537 
Industrial plants, 720 
Initial points, 211-213 
Instruments, direction and repeat¬ 
ing theodolite, 338, 339 
instruments, surveying, 129-1 15, 
321 (see also particular instru¬ 
ment or subject) 

Insurance, title, 199, 629 
Internal focusing, 68-70 
interpolation of contours, 178 
Intersection, and resection, locating 
soundings by, 598, 599 
method, plane table, 456, 457 
of lines, 124, 125 
studies, street, 661, 662 
Intervisibility of sighted points, 
337 

Introduction to applied engineering 
surveys, 323-325 (see also 
Applied engineering, introduc¬ 
tion to) 

Invar tapes, 10, 24, 25, 350 
Inventory of civic physical condi¬ 
tions, 650 

Isogonic chart, facing 49 
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Jiggled in, 693 
Johnson leveling head, 452 
Judicial function of surveyor, 639 
Jurisdictions in the United States, 
628 

Kodak views for interpretation of 
field notes, 451 

Lambert conformal conic projection, 
587-590 

Land courts, 199, 630 
Jjand description, 631, 631-638 
Land subdivision manual, 667 
Ijand, subdivision of, 633, 663 
Land surveys, 196-235, 628-646 
abstracts of title in, 198 
accretion, 206 
acquiescence, 200, 630 
admissibility of evidence, notes, 
maps, and plats, 633, 634 
adverse possession, 200, 572 
agreement, boundary, 632 
arbitration, 632 
avulsion, 206 
base lines, 210-213 
coordinates, state, 230 
corners, identification of, 231 
marking lines between, 223-227 
monuments, 227 
restoration of lost, 231-233, 586 
deed, plat to accompany, 634, 635 
description, complete by means 
of a plat only, 637, 638 
land, 203, 204, 219, 631, 634- 
638 

eight-sided section, 234 
eminent domain, 640 
examiner, title, 642 
executive use of, 197 
expert, witness in, 203, 639 
field notes, 216, 217 
admissibility in evidence, 633, 
634 

general considerations governing, 
199, 200 

general remarks, 628, 638, 639 
historical and legal, 197, 208-210 
historical incident, 644, 645 
initial points, 210-213 
instruments used, 207 
insurance, title, 199, 629 


irregular boundaries, 217 
judicial function of surveyor, 639 
jurisdictions in U. S., 628 
land courts, 199, 630 
land description, 203, 204, 219, 
631, 634-638 

land subdivision, 203, 217-219, 
633 

legal rights and responsibilities in 
boundary surveys, 639, 640 
libel, 640 

limits of closure, 222, 223 
Manual, of the Survey of Public 
Lands, 206 

maps, admissibility of, as evi¬ 
dence, 633, 634 
marking corners, 200, 201 
meandering, 220, 221 
meridians, eonvergency of, 230 
meridians, principal and guide, 
210-213 

metes and bounds, 203, 204 
mineral surveys, 230 
order of surveys, 217 
parol agreement, -632 
plane coordinates, state systems 
of, 639-643 

plats, admissibility of, as evi¬ 
dence, 633, 634 

only, complete description by 
means of, 637, 638 
to accompany deed, 634, 635 
possession, adverse, 200, 630 
proportionate measurement, 203, 
232 

recording deeds, 198, 629 
record searchers for, 198 
records for, 198 
references, 645, 646 
restoration of lost and obliterated 
corners, 231-234, 644 
resurveys, difficulty of, 201 
government, by, 233, 234 
procedure in, 203 
retracing U. S. Public Land 
Surveys, 199-203, 643-645 
revulsion, 206 
rights of way, 629, 638 
riparian property rights, 633 
sections, subdivision of, 218-220 
slander, 640 

special land courts, 199, 572 
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special surveys and instructions, 
229, 230 

state coordinate's, zones for, Oil, 
642 

standard parallels, 210-213 
subdivision, 203, 210-220, 273- 
276 (see also Subdivision) 
technical and topographic fea¬ 
tures noted, 22 i-227 
testimony, expert, 203, 632, 631) 
title insurance in, 11)1), 571 
title, abstracts of, 11)1), 571 
title examiner, 642 
Torrens act, 11)1) 
township, exteriors, 213, 211 
plat, facing, 217 
subdivision of, 211-217 
trespass, 631), 610 
IT. S. Coast and Geodetic Survey, 
Control, 641 
IJ. S. Public, 200 235 
value of knowledge of, 11)7 
Height accorded various factors 
in, 202 

witness, expert for boundaries, 
203, 632, 631) 
witness corners, 201 
zones for state coordinates, 611, 
612 

Land-use map, 650 
Latitude, and longitude from a map, 
407, 108, 415 

astronomic, 376-371), 418, 411) 
by time of culmination, 41G-418 
of a line, 21)2-21)5 
parallels of, 372 

on an established meridian, 415, 
416 

special conditions of observation 
for, 377-371) 

terrestrial and celestial, 376, 377 
Latitudes and departures, 21)2-205 
Law of boundary surveying, 628- 
646 

Law of land surveying, 204-206 
(see also Legal principles of 
boundary surveying) 

Laying off angle by repetition, 107, 
108 

Least count of vernier, 74, 75, 

102 

Least squares, theory of, 30-32 


Legal principles of boundary sur¬ 
veying, 628-646 

Legal rights and responsibilities in 
boundary survevs, surveyor’s, 
631), 640 

Legend, map, 466 
Lehmann's method, 451), 460 
Lens, 477-486 
focal length of, 481-486 
Lettering devices. 285 
Lettering, in notes, 45 
on topographic maps, 465 
Ijevel, adjustments of, 142-145 
bubble tube sensitiveness, 65, 66 
circuits, closing, 80, SI 

computation and adjustment 
of, 410-442 
datums, 61, 62 
engineers’, 66 
dumpy, 70 
other types, 71 
wye, 70 

hand and clinometer, 71 
loop, 430 

notes, first order, 430 
notes, second order, 410 
precise, 432-131 
rods, precise, 434, 435 
spirit, 64, 65 
surface, 61 

Leveling, 61-1)5, 431—112 
adjustment of circuits, 1)2 
approximate, 64 
barometric, 92, 1)5 
cost of, 318 
curvature of earth, 61 
data available in IJ. S., 62 
differential, 78, 79 
equiprnent for, 431-435 
errors in, 81-83 
field procedures, 435-440 

field notes, first order, 438, 
439 

field notes, second order, 440 
head, plane table, 452 
Johnson, 452 
standard, 452 
limits of error, 91, 92 
profile, 84-86 
reciprocal, 89, 90 
rods, 71-73 
small errors in, 83, 84 
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specifications for, 431 
tape rods, 80 
targets, 73-75 
trigonometric, 92 
verniers, rod, 71, 75 
Levels, types of, 431-433 
Berger Tilting, 433 
collimation, error of, 437 
mines 074 

United States Coast and Geodetic 
Survey, 431 

Unified States Geological Survey, 
452 

Liability of surveyor, 202 
Libel, of surveyor, 010 
Line maps, 520, 538 
Line*, prolongation of with transit, 
110, 118 

Lines, intersection of, 121, 125 
Lining in, 10 

Local apparent noon, time at, 420, 
121 

Local attraction, 50, 57 
Local mean time, 381 
Local plane coordinates, 589 
Locating points from transit line*, 
125, 120 

Locating soundings by intersection 
ami resection, 598, 599 
Location survey, 215 
Longitude and time, 419-123 
Longitude, observations for, 123 
Longitudinal circles, 371 
Loop closures, 110-112 
Loop, level, 130 
Lost corners, 231-234 
Lower culmination, 375, 378 

Magnetic bearing, 52 
Magnetic declination, 47-50 
Magnetic needle, dip, of, 52 
local attraction of, 50, 57 
precision of reading, 52, 57, 58 
Manipulation of current meters, 020 
Manning formula, 025 
Manual of Instructions for Public 
Land Surveys, 200 
Map, control for (see Control, on 
map) 

Map, land use 1 , 650 
Map, latitude and longitude 1 from, 
407, 408, 415 


Map, planimetric, 430, 500, 510 
Map, topographic, 446, 450, 451, 
462, 620 

drafting, 450, 451, 402-408 
lield, 450 
office, 451 
le*geinel on, 400-408 
materials for, 403 
ne>rth point on, 460 
plotting the elata, 403 
se;ale, 440, 402 
symbols on, 400-408 
titles, 404, 405 

Mapping, topographic details in 
field, 450 

Mapping, typographic (sen* Maps, 
topographic) 

Mapping by contract, 270 
Map projections, 584-588 
classificatiem of, 585, 580 
azimuthal, 580 
conformal, 585 
equal are*a, 585 
zenithal, 580 
distortion, 585-588, 593 
general statement, 581 
Lambert cemformal conic, 587- 
590 

Mercator, 580, 587, 589, 590 
others, Albers ecjual area, Bonne, 
gnomonic, polycoitic, sten¬ 
ographies 588 
re'fe'remevs, 595 
spheroid, Clarke, 595 
transverse 1 Mercator, 589 
Maps, admissibility of, as evidence 1 , 
033, 031 

Maps, aerial, 525, 520, 538 (see also 
Photogram me try, maps) 
ele*tailing, 520 -555 
line, 520, 538 
topographic, 530-555 
ste'reot opographic, 520 
Maps, city (see City maps) 

Maps, finishing the, 290 
graphical scales for, 283 
pajK'rs, 280, 287 
plotting data for, 269, 270 
reproduction of, 282-283 
scales for, 268, 269 
te>pographic, specific information 
from, 182 
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use of, 171), 180 
where available, 180, 181 
use and scale of, 268, 269 
Maps, traffic flow, 650, 659 
Maps, underground, 686 
Meandering, 220, 221 
Mean noon, 381 
Mean sun, 381 

Measurement* base line, 334-354 
Measurement of distances, as com¬ 
pared to angular, errors, 126 
Measurements, stadia, 443 
Measuring angles, with tape or on 
drawing, 36-38 

with transit, 105-114, 120-126 
Mercator projection, 586 
Meridian, alignment by string or 
wire, 692 

transferring underground, 632 
695 

M endian observations, 150-1 t >0, 

369, 371 

direct solar, 155-160 
coinput at ions, 158-160 
field work, 155-158 
geneial statement, of, 150 
Polaris at elongation, 150 
computation, 151 
field work, 152-155 
Meter rating curve, 610 
Metes and bounds surveys, 203, 201 
Military grid system, 593-595 
Mine models, 688 
Mineral land surveys, 701 
Mine survey, 21, 152, 310, 311 
Missing measurements, 301-306 
Models, mine, 688 
Monthly estimate, 708 
Monuments, construction survey, 
712 

corner, 227 

set replacing stakes, 275, 276 
survey, 331 
Mosaics, 526 

Multiplex acroprojectors, 546, 517 

Natural control for stream measure¬ 
ment, 617 

| Navigation, mapping for, 596 
Nautical Almanac and American 
Ephemeris, 372, 385, 387, 397- 
399, 401 


Needle, magnetic (see Magnetic 
needle) 

Negatives, 488 
Neon sight, 333 
Nodal point, 481 
Noon, apparent, 420, 421 
mean, 381 

Normal tension, 357-358 
North point, on maps, 466 
Notekeeper, 45, 46 
Note keeping, technique of, 41, 42 
Notes (see Field note's) 

Notes, plotting stadia, 448-450 
Number of photographs to cover 
a given area, 505, 506 

Oblique aerial photographs, 558,559 
Observations for latitude', 415-419 
Observations for meridian, 150-1(50 
Observeel altitudes, corrections to, 
385-387 

()bstacle*s, prolonging line past, 118- 
120 

Office work, 280-290, 462-471 (se'e 
also Topographic details, office 
prae*tie*e') 

computing sugge'stiems, 284, 285 
coordinate* axis, 288-289 
equipment for, 285, 286 
errors and omissions, 280, 281 
finishing the map, 290 
general infe)rmatiem, 280 
graphical map scale's, 283 
map pape'rs, 286, 287 
organization of, 281 
records for, 281, 282 
reproduction of maps and plans, 
282-284 

scale's for maps, 268, 289 
tables and diagrams, 282 
topographic ele'tails, office* prac¬ 
tice-, 460-469 

Off-line traverse*, 306, 131 (e»f tables) 
Offset lines, 712 

Omitted measurements, 305-306 
One*-vertical-shaft method, 693, 694 
Open channel formulas, 624 
Operators of plane tables, 459 
instructions to, 459, 460 
Orders of triangulation, four, 327 
Organization of surveys, 313-320. 
324 
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costs, area surveys, 318, 319 
factors affecting, 316 
further examples of, 320 
leveling, 318 

sketch hoard traversing, 318 
transit-stadia traversing, 317, 
318 

transit-tape traversing, 316,317 
triangulation, 320 
organization, 315, 316 
planning the survey, 313, 315 
Orientation, 

of plane table, 456-160 
of transit, 416, 447 
Outcrop, of vein, 674 
Out-of-adjustinent use of the side 
telescope, 680 

Overhead ratio projector, 537, 538 
Overlap of aerial photographs, 503, 
reasons for, 503 

Pacing, 7, 8 

Pafx*r for maps, 286, 287 
Paper location, 213-245 
profile, 182 

Parabolic curves, 252, 253 
Parallax, 133, 134, 387, 388, 172 
Parol agreement, 634 
Parshall flume, 626 
Pedometer, 7 

Peg test, two, for level, 139-111 
Phot ogrammet ry, 472-583 
Abrams contour finder, 520 
aerial photographs 
area covered, 504 
errors and distortion, 502 
map making from, 501-557. 
number of pictures to cover an 
area, 505, 506 
obliques, 558, 559 
overlap, 503 
scale of, 503 

time interval between ex- 
|>osures, 505 
verticals, 558, 559 
aerial photography 

stereoscopic principle, 517 
applications of, 555-581 
cameras, 473-486 (sot‘ also 
Cameras) 
aerial, 502 
Brock precision, 548 


Brock rectifying, 551 
lens, 477-486 
principal point, 486 
shutter, 488 
terrestrial, 486 
transit, 493 
control 

picture, 527 

plotting methods, 527, 528 
control surveys, 526-529 
horizontal, 527 
vertical, 527 
fiducial marks, 487 
history of, 472, 473 
lens, camera, 477-186 

chromatic aberrations, 178 
focal length of, 481-186 
nodal points, 481 
spherical aberrations, 179 
maps, 525, 526, 538 

aerial, stereo topographic, 52( 
aerial, topographic, 526 
classification of, 525 
mosaics, 526 
planimetric, 526, 538 
perspectives, 490-193 

negatives and positives, 190 
steps in making, 191 -193 
photographic surveys, 191-501 
aerial, fundamental principle' 
of, 501 

iconometry, graphical plotting 
494, 495-499 

terrestrial, steps in making 
494, 497, 498 
photographs, 488, 489 
negative, 488 
perspective, 488 
perspective, definitions, 48£ 
489 

plotting, 520, 529-555 
Abrams contour finder, 520 
aerocartograph, 543, 514 
Brock process, 547-552 
Brock stereometer, 553 
graphical, 530, 531 
Lazy-Daisy triangulator, 53f 
536 

map details, 536-555 
methods of contouring, 538-55 
multiplex aero projector, 546 
547 
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overhead ratio projector, 537, 
538 

preparation of photographs for, 
529 

Rvker stereoscopic plotter, 552 
slotted template, 534-536 
stereo planigraph, 545 
transparent template*, 531-533 
Wernstedt-Mahan plotter, 555 
rectoplamgraph, 477 
stereocomparagraph, 518-525 
theory of, 520-525 
stereocomparator, 515, 516 
■stereoscope, 506, 509 

Fairchild magnifying, 509 
■stereoscopic fusion, 510-512 
geometry of, 510-512 
stereoscopic parallax, 513 
stereoscopic vision, 506 
use in highway location, 573-581 
Physical conditions, inventory of 
civic, 650 

Picture control of aerial surveys, 527 
Pictures, number of, 505, 506 
Pipe lines, 713, 714 
Plan, master, 655, 657 
aerial survey for, 655 
economic facts for, 655 
social facts for, 655 
Plan, zoning, 655, 661-663 
field maps for, 662, 663 
symbols for, 662, 663 
Plan commission, 048 
duties of, 618 

Plane coordinates, state, 589-593, 
640-643 (see also State plane 
coordinates) 

Plane table, 451, 452, 454, 455- 
460 

adjustments of, 454, 455 
description of, 451, 452 
methods, 265, 451, 461, 462 
intersection, 456, 457 
radiation, 456 
resection, 458, 459 
three-point problem, 459, 460 
operators, 461 
\ traversing with, 461 
triangulation with, 461 
Planets, 366 
Planimeters, 286 
Planimetric maps, 430, 526, 538 


Planning agencies, 648 
Planning engineer, 650 
Planning, function of, 649 
Planning maps, 655 
Planning, regional, 648 
Planning staff, 650 
Planning, state board, 648 
Plat only, land description by means 
of, 637, 638 

Plats, admissibility of, as evidence, 
633, 634 

Plat to accompany deed, 634, 635 
Platting guide, 667, 668 
Plot, surveyors, 275-277 
Plotting, 449, 450, 460, 464 
angles, 464 
control, 450, 526 
aerial surveys, 526-529 
slotted template, 534-536 
template, 531 

protractor for, 270, 450, 460 
stadia notes, 242, 449, 450 
traverse lines, 450 
triangulation, 450 
Plotting, by coordinates, 288, 289, 
304 

details, 269, 270 
Plotting, instruments 
aerocartograph, 543, 544 
aeroprojector, multiplex, 546, 547 
Brock stereometer, 553 
Lazy-Daisy triangulator, 535 
multiplex, aeroprojector, 546, 547 
Ilyker stereoscopic plotter, 552 
stereocomparagraph, 518-525 
stereoplanigraph, 545 
Wernstedt-Mahan plotter, 555 
Plumbing vertical shafts, 692-695 
Polar distance, 372 
Polaris at any hour angle, 400-407 
latitude from, 418, 419 
Polaris at elongation, 150-155, 397, 
400 

Polar observations, 150-155, 376, 
397-408 

straight line diagram for, 425 
Polyconic projection, 588 
Population data, 656 
Portals, tunnel, 689 
Possession, adverse, 200, 630 
Precession, 372 
Precise level, 432-434 
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Precise leveling, field procedure for, 
435-410 

precision of, 91, 92 
Precise* level rods, 434, 435 
Precision (sen* Accuracy) 

Precision, astronomical, 423, 42 4 
definition of, 33 
required in leveling, 91, 92 
in taping, 34-30 
traversing, 350, 302 
triangulation, 327 
Preliminary construction, 707 
map, 243-245 
survey, 240-244 
Price current meter, use* of, 012 
Principal Meridian and (iuidc Me- 
ridians, 210-213 
Principal point, of camera, 481 
of photograph, 481 
Prismoielal formula, 258 
Probability and least squares, 30-32 
Probable error, 30-33 
Problems, citv planning, 047 
Professional duties, of the engineer, 
323 

Profile leveling, 81-80 
Profile te»st, 325 
Progress report, 710 
Pre>je*ction, map, 584 
Projections, classification of, 585 
azimuthal, 580 
cemfemnal, 585 
equal area, 585 
Ijamhcrt conformal, 587 
Mercator, 580 
Polyconic, 588 
1 Vans verse Mercator, 589 
Zenithal, 580 

Prolongatiem of a line, 110, 118 
Proportionate measurement, 203, 
232 

Protractor, 450, 400, 401 
paper, 450 
three arm, 400, 401 
Public lands (sen* Land surveys) 
Pull, correction for, 351, 352 
PZS triangle, 374-370, 390, 405, 
413, 414 

Quadrilateral angle adjustment, 
341-343 

Quant it 3 r surveys and bideling, 091 


Radians, measuring angles by, 37, 
38 

Radiation, plane table, 450 
Radio acoustic ranging, 001 
Railroad curves, 247, 218 
Raise*, underground, 074 
Random line, 118, 120, 215 
Range* lines, 213 
Ranging, radio aeoustie, 001 
Rating curve*, me ter, 010 
station, 000, 007, 018 
Rating table for current ine*tcr, 
008 

Ratio projector, overhead, 537, 538 
Reciprocal leveling, 89, 90 
Re*eonnaissane*e*, 235, 230, 327 
Recorder, water level, 004 
Recording deeds, 029 
Rectangular coordinates (see (\>- 
ordinates) 

Rcferene*e\s, bibliographical (see 
enels e>f chapte*rs XIX to A \ \) 
Refere*nce stakes, 712 
Referencing points, 240 
Refraction, 80-448, 334-337, 385 388 
Regional master plan, 057 
Re*|K*ating instrument, 338 
Repetition, angles by, 100-108 
Resection, plane* table, 458, 459 
Resection and intersection, locating 
soundings by, 598, 599 
Reservoirs and dams, 720, 721 
Residuals, 32 

Responsibility of surveyor in bound¬ 
ary surveys, 039, 040 
Restoration of lost and obliterated 
corners, 231-233, 580 
Restrictions, 005, 000 
deed, 000 
zoning, 005 

Resurveys of land, 201, 203, 233, 
234 

Retracing the United States Public 
Land Surveys, 043-045 
Revulsion, 200 
Rhumb line, 587 
Right, angles to, 078 
Right ascension, 370-372 
Right ascension and sidereal time, 
385 

Rights of way, 629, 630 
Riparian property rights, 633 
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River gage, 620 

River measurements, typical, 621 
Rods, leveling and stadia, 71-73, 
100, 170 

Roughness coefficients for channels, 
625 

Route surveys, 235-260 
aerial surveys, 573-581 
borrow pits, 259 
construction stakes, 2-15-217 
cross-sectioni ng, 254-257 
curve notes, 250 
definition of, 235 
degree of curve, 247, 248 
earthwork, 253-260 
end area formula, 257, 258 
final location, 243, 245 
grading, 253-260 
horizontal curves, 247-252 
location survey, 245 
paper location, 243, 245 
parabolic curves, 252, 253 
preliminary, 240-244 
prismoidal formula, 258 
profiles for, 243, 245 
reconnaissance, 235, 236 
referencing points, 240 
slope stakes, 254-257 
traversing for, 237 
by compass, 237, 238 
by transit, 238 
vertical curves, 252-253 
Rules, measuring, 8, 9 

Sag, correction for, 20, 27, 352, 
353 

Scale, map, 243, 268, 269, 283, 652, 
655, 656 

Scale fraction, 474, 480 
Scow measurement, 602 
Sea level, mean, 61 
reduction, 353 

Second order accuracy, 327, 596 
Sections, subdivisions of, 217-219, 
644 

Sensitivity of bubble tube, 64-66, 
432, 433 

Set-back, and -forward, 348 
^ Set-up, underground, 676 
Sewers, 713, 714 
Sextant, 391-396 
adjustments, 394-396 


Shaft, elevation down, 695, 696 
Shape of earth, 584 
Shield, Simplex Solar, 389-391 
Shore line, mapping of, 596 
Sidereal time, 379, 380 
Side telescope, out-of-adjustment 
use of, 680 

Side telescope, using the, 680, 681 
Sidewalks, 714 
Sight, neon, 333 

Sight distances, leveling, 437, 438 
Sighted points, intervisibility of, 
113-116, 337 
Signals for, leveling, 80 
transit, 116 
traversing, 360 
triangulation, 331 
Significant figures, 33 
Signs and symbols, conventional, 

466-468 

Simplex Solar Shield, 389-391 
Site map, 719 

Six-tenths method for current veloc¬ 
ity, 611 

Sketching board traversing, costs, 
317 

Slander, 640 
Slide rule, stadia, 444 
Slope;, correction for, 13, 14, 350 
Slope stakes, 251-257 
SlofM; taping, 20-22 
Slotted template, method of con¬ 
trol, 534-536 
Small circles, 368 

Social and economic problems, 648 
Social responsibility of the engineer, 
323 

Solar attachment, 391 
Solar ephemeris, 387, 398, 399, 409, 
411 

Solar navigator for flying, 477-479 
Solar observation, 155-160, 374, 
375, 408-415 
Solar system, 366-368 
Solar time, 380-385 
Soundings, bottom material, 599 
fathometer, 600 

located by intersection and resec¬ 
tion, 598, 599 
Sounding weights, 599 
Spad, 674 

S|>ecial land courts, 630 
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Specifications, for leveling, 431 
precise levels, 435-440 
surveys, 325 
Speed, 475, 481 
Speedometer, 8 
Spherical excess, 343, 344 
Spherical trigonometry, 306 
Spheroid, Clarke, 584 
Spirit leveling (see Leveling and 
Vertical control) 

Stadia, plotting notes, 449-151 
Stadia circle, 448, 449 
Stadia method, 162-174, 441448 
accuracy of, 443 
control for, 444 
instruments for, 4 44 
measurements, 443 
notes for, 447 
plotting of notes, 449, 450 
side shots, 448 
slide rule for, 444 
transit for, 443 
Stadia stations, 448 
Stadia surveying, 8, 162-174 
Beaman arc, 166, 452 
common mistakes, 172 
field procedure, 167-169 
formulas, 163-166 
inclined sights, 163 
multiplying constant, 166, 167 
precision of, 172-174 
reduction of field notes, 165-167, 
446-448 
rods, 169-171 

tables, 92-98 (of tables), 164 
theory, 162-164 

vertical angle to any rod point, 
169 

Stadia-transit topographic details, 
262, 446-451 

Stage, effect of change on dis¬ 
charge, 620 
Stage readings, 620 
Stakes, 18, 19 

Staking out structures, 277-279, 
707-722 

Standard leveling head, plane table, 
452 

Standard Parallels, U. S., 210- 
213 . 

Standard time, 382 
Star chart, 153, 364-366 


Star observation, time from, 421 
423 

straight line diagram for, 425 
Stars, circumpolar, 153, 373 
State plane coordinates, 590-593 
army grids, U. S., 593-595 
azimuth, geodetic, 589 
azimuth, grid, 590 
coordinates, local plane, 589 
descriptions, land, 637, 638, 6^ 
643 

geodetic azimuth, 589 
grid azimuth, 590 
grid system, military, 593-595 
land descriptions, 637, 638, 64C- 
643 

Lambert conformal conic, 589 
local plane coordinates, 589 
military grid system, 593, 595 
references, 595 

state zones, Connecticut, 590, 591 
Indiana, 590, 591 
U. S. Army grids, 593-595 
United States Coast and Geodetic 
Survey, 589, 593 
State planning board, 648 
Station, stream gaging, 617-619 
Station, typical river measurement, 
621 

Stationing, 16 

Station rating curve, 606, 607 
Stations in triangulation, establish¬ 
ment of, 331 

Stereocomparagraph, 518-525 
theory, 520-525 
Stereocomparator, 515, 516 
Stereoscope, 506, 509 
Stereoscope, magnifying, 509 
Stereoscopic fusion, 510-512 
Stereoscopic parallax, 513 
Stereoscopic vision, 506 
Stilling box, 603 
Stope, 674 
Stope survey, 689 

Stream discharge, effect of change, 
620 

Stream gaging station, 617-619 
Stream measurement, artificial con¬ 
trol for, 618 

Stream measurement, natural con¬ 
trol for, 617 
Street curbs, 714 



INDEX 


165 


%rects, 714 

rength of figure in triangulation, 
328-331 

?• riding level, adjustment, 338 
h rike of vein, 674 
|f bdivision, 
design, 668-670 
lot dimensions, 660, 670 
i( principles of, 668-670 
street widths, 669, 670 
F.II.A. standards, 661-666 
maps, 667-669 
data on, 667 
design, 60S, 660 
* final, 60S 

good practice, 667 
preliminary, 607 
record, 668 
plans, 655, 603, 664 
principles, 665, 666 
accessibilities, 005 
deed restriction, 666 
encumbrances, 600 
public utilities, 665 
restrictive covenants, 666 
sewage disp »sal, 665 
street improvements, 665 
suitability of site, 665, 666 
water supply, 665 
zoning regulation®, 665 
Sub tivision planning, success in, 
666 

Sab livision of Public Land, 206, 
214, 217 

Sub livision of sections, 64 4 
Sub li vision regulations, 666 
Subdivision standards, 664 
Subdivision, well planned, 664 
Sun, apparent, 380 
mean, 381 

Sun observations, 374, 375, 408-415 
straight line diagram for, 421 
Sun observations for meridian, 155- 
160, 108-115 
Survey, city, 651-655 
civic, 650 
definition, 2 
* monument, 331 
' organization, 324 
specifications, 325 
Surveying instruments, 129-147, 
324 


Surveying, leaders trained in, 4 
remuneration for, 5 
training provided by, 3 
Surveying techniques, changing, 324 
Surveyors, judicial function of, 
639 

Surveyor's legal rights and respon¬ 
sibilities in boundary surveys, 
639, 640 

Surveys (hoc particular subjects) 
Surveys, city planning, 647, 672 
(sec also City planning surveys) 
Surveys, traffic, 656 
Surveys, zoning, 661 
Swing off-set, 126 
S\ mbols, map, 466- 16b 
Systems of triangulation, 186, 326 

Tables. 

I. Common logarithms, 1 (of 
tables) 

la. Conversion factors, 20 (of 
tables) 

II. Natural trigonometric 
functions, 21 (of tables) 

III. Logarithms of trigono¬ 
metric functions, 45 (of 
tables) 

IV. Corrections for slope tail¬ 
ing, 91 (of tables) 

V. Stadia, 92 (of tables) 

VI. Convergency of meridians, 
99 (of tables) 

VII. Barometric, 100 (of tables) 

VIII. Inches in decimals of a 
foot, 104 (of tables) 

IX. Plano trigonometric for¬ 
mulas, 105 (of tables) 

X. Practice notes, 108 (of 
tables) 

XI. Natural sines and cosines, 
132 (of tables) 

Tables and diagrams for office*, 281 
Tally sheet, traffic census, 658 
Tape corrections for, 24-27, 353 
pull, 351, 352 
tension, 27, 351, 352 
sag, 26, 27, 352, 353 
slope, 350 
standards, 28 

temperature, 24, 25, 348-351 
special tapes to avoid, 25 
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Tapemen, 9 
Tapes, 10, 12 
doing up, 12 
invar, 10, 24, 25, 350 
long, 10, 12-22 
Tape standardization, 22-23 
Tape standardization certificate, 23 
Taping, 10-38, 344-354 
accumulative errors in, 28, 29 
angles by, 36-38 
breaking tape, 14-16 
bucks, 347, 349 
compensating errors in, 30 
difference in elevation of ends, 
21 

field procedure, 16-18 
formulas for horizontal distance, 
12-14 

horizontal distances required, 12- 
15 

importance of good, 36 
measuring fractional tape lengths, 
19 

pins, 17, 18 

precision requirt'd in, 31 -36 
slope on, 20-22 
small errors, 28 
Taping bucks, 347-319 
Target, level, 73-75 

probable error in set t ing, 88, 89 
Telescopes, 66-71 

bubble tube, adjustment of, 139 
141 

definition, 66, 129 
eyepieces, 70 
field of view, 67, 129 
illumination, 67, 129 
internal focusing, 69, 70 
magnifying power, 67, 129 
optics, 68, 69 
parallax, 70 

Temperature, corrections for, 21, 21, 
348-351 

Template method in photogram- 
metry, 531-533 

Tension, correction for, 351, 352 
Tension, normal, 357, 358 
Testimony, expert, 639 
Test profile, 325 
Theodolite, 339 

Third order accuracy, traverse 
control, 327, 654 


Three arm protractor, 460 
Three point problem, plane table, 
459, 460 

Tide gage, 603, 604 
Tides, measuring fluctuation of, 
596, 602-604 

Timber land surveys, 58, 267 
Time, 374, 379-385 
belts, 381-382 
conversion, 382-385 
daylight saving, 382 
equation of, 381 
local mean, 381 

longitude and, 382-385, 419-423 
measurement, 374, 379-385 
sideral, 379, 380 
solar, 380-385 
standard, 382 
Title, abstract of, 629 
Title, color of, 200 
Title examiner, 642 
Title insurance, 199, 629 
Titles for maps, 464, 465 
Topographers, 450 
Topographic details, 262-271, 441- 
469 

contouring (see Contouring) 
field methods for, 162-174, 443- 
462 

plane table method, 451-462 
transit method, 162-174, 441 — 
450 

office practice, 462-469 
Topographic maps, 444, 445, 466- 
468, 653 
aerial, 445 
scales, 445 
symbols, 466-468 
uses of, 444 

Topographic office practice, 162- 
471 

Topography, along transit line, 210 
contours, 175, 179 
definition of, 175 
hachures, 175 
Torrens Act, 200 

Tower, Bilby, steel for triangula¬ 
tion, 334, 335 

Towers for triangulation, 331 
Townships, 213 

Tracing paper solutions of three 
point problem, 460 
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Traffic census, 658 
details of, 656-658 
t alley sheet for, 658 
Traffic congestion, (547 
Traffic flow map, 659, 661, 662 
Traffic; surveys, 656-661 
collision diagram, 661 
condition diagram, 660 
details of, 656 
Transit, 99-126 

adjustments, 135-142 
angle's, horizontal, 105-113 
vertical, 120-121 
azimuth, 111-113, 193 
centers, eccentricity of, 106 
checking angles with needle, 123, 
124 

comparison of horizontal angle' 
methods, 114 
deflection angle's, 109-111 
dire*ct angles, 108, 109 
e*rrors of angle anel distance*, 126 
establishing points in vertical 
plane, 124 
geiie'ral use's, 99 

graduations on circle's and ve*rni- 
ers, 99-101 

horizontal angles by repetition, 
106-108 

horizontal angles with, 105-113 
intersecting line's with, 124, 125 
locating buildings and improve¬ 
ments, 125, 126 
range tie, 126 
swing offset, 126 
measuring the H.I. of, 121 
mc'asunng vertical angle's, 120- 
124 

passing obstacle's, 118, 120 
random line, 118, 120 
prolonging a straight line, 116, 
118 

Transverse Mercator Projection, 
589 

Traverse, 291, 312, 355^363 (sen* also 
Traverse computations) 
adjustment of, 360 

* angle's, 359 

* auxiliary triangle, 355 
azimuth control, cut-off for, 357 
azimuth mark at triangulation 

station, 355 


cut-off for azimuth control, 357 
fundamentals of, 355 
general statements of, 361, 362 
normal tension, 357, 358 
precision of, 356, 362 
principle use of, 355 
procedure for establishment of, 
356-358 

references, 362, 363 
signals for, 360 
taping, 358, 359 
tension, normal, 357, 358 
triangle, auxiliary, 355 

Traverse anel triangulation, 326- 
363 

Traverse by plane table, 461 

Traverse computations, 291-308 
adjustment of, 295-298, 360, 361 
angles, checking of, 291, 293, 359 
angles to right, 108, 109 
areas, 300-306 
azimuth, 112 
checks of, 302-304 
compass, 237 

coordinate, 298-301, 304, 306 
D.M.Ds., 301, 304 
error of closure, 293-294, 356, 
362 

field work for, 237-238 
missing measurements, 305, 306 
off line, 306 
table's for, 286 

Traverse* control of third order 
accuracy, 327, 654 

Traversi ng, 108-114, 237-239, 316- 
318, 355, 363 

Traversing uneierground, 311, 682, 
683 

Tre*spass, 639, 640 

Triangles, 

auxiliary to traverse, 355 
calculating sides of, 334 
chain of, 326 
PZS, 375, 376 

Triangulation, 184-196, 326-354 
cost of, 320 
hydrographic, 191-193 
instruments, for, 195, 196 
repeating, 338 
theodolite, 338, 339 
minor, less important, 184, 186 
monument, 331 
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orders of, 327 
precision of, 193, 194, 327 
reconnaissance, 327 
shape of triangles, 187, 188 
signals for, 331, 333 
spherical excess, 343, 344 
strength of figure in, 328r-331 
systems of, 326 
towers for, 331, 334, 335 
triangles, calculation of sides of, 
334 

Triangulation for bridges, 718 
Triangulation with plane table, 
461 

Triangulation stations, 448 
Trigonometric leveling, 92, 189, 190 
Trigonometry, spherical, 396 
plane, 105, 107 (of tables) 
Tropical year, 381 
True north, 397 
Tunnel, 674 

Tunnel cross-section, 689 
Tunnel portals, 689 
Tunnels, meridian into, 690 
Turbulence, effect on current 
meters, 610 
Turning points, 76, 77 
Two-peg tost, 139-142 
Two-vertical-shaft method, 694- 
696 

Types of construction, surveys for 
various, 713-722 

Underground surveys, 673-701 
alignment and elevation at face 
of heading, 683-685 
connections, 697, 698 
cross-section, tunnel, 689 
curves, underground, 683, 684 
definitions, 673, 674 
differences from surface surveys, 
674 

field notes and office form, 311, 
686, 687 

illuminating, instruments and 
points, 152, 681, 682 
long tapes in, 21, 681 
maps, underground, 686 
marking stations, 683 
meridian, transferring under¬ 
ground, 690-695 
mine models, 688 


miscellaneous underground sur¬ 
veys, 695-701 
bore-hole surveying, 696 
connections, underground, 697, 
698 

elevations down a shaft, 695, 
696 

geophysical exploration, 698- 
700 

mineral land surveys, 701 
shaft, elevations down, 695, 696 
portals, tunnel, 689 
set-up underground, 676 
side telescope, using the, 680, 681 
stations, marking, 683 
stope survey, 689 
transit adjustments, special re¬ 
quirements in, 677, 678 
transits and levels, 671-677 
traversing, underground, 682, 683 
utilities, location of, 700, 701 
United States Army grids, 593-595 
United States Coast and Geodetic 
Survey, 62, 63, 193, 191, 331, 
338, 363, 589, 593, 598, 641 
United States Coast and Geodetic 
Survey, type level, 431 
United States Geological Survey, 
623, 624, 626 

United States Geological Survey, 
type level, 432 

United States Lake Survey, 598 
United States Public Land Surveys, 
retracing the, 643, 645 (see also 
Land surveys) 

Units, conversion factors for, i, 
20 (of tables) 

Upper culmination, 373, 378 
Uranographic chart, 363-366 
Ursa Major and Minor, 150, 365 
Uses for aerial surveys, 555-581 
Using the side telescope, 680, 681 

Vara, 20 (of tables) 

Variation, in magnetic declination. 
47-50 

Variations in velocity of streai •, 
611, 612 

Vein, strike of, 674 
Velocity, measurements, 624 
Velocitv determinations, floats for 
622, 623 
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Velocity distribution, 611, 612 
Velocity of streams, variations in, 
611, 612 

Venturi flume, 626 
Vernal equinox, 370 
Verniers, 74, 75, 90-104 
Vorsine, use of, 13, 14 
Vertical angles, 120-124 
Vertical axis, 677, 678 
Vertical circles, 369 
Vertical control, 430-412 
adjustment and computations of 
level circuits, 440-442 
aerial surveys, 501-557 
bench marks, 431 
spacing, 430 

bubble, sensitivitv of, 432, 433 
closures, loop, 410-442 
datum level, 430 
differential levels, 654, 655 
equipment for leveling, 431-435 
establishment of, 430 
field procedure for precise level¬ 
ing, 435-440 

first order level notes, 430 
level circuits, computation and 
adjustment of, 440-442 
notes, first order, 439 
precise, 432-431 
rods, precise, 434, 435 
leveling, equipment for, 431-435 
field procedure for, 435-440 
level rods for, 434, 435 
specifications for, 431 
loop, closures, 440-442 
level, 430 

map, planimetric, 430, 526, 538 


planimetric map, 430, 526, 538 
precise level, 432-435 
specifications for, 435-440 
references, 442 
Vertical distances, 448, 449 
Vertical shafts, plumbing, 692-695 
Vision, stereoscopic, 506 
Volume, conversion factors, 20 
(of tables) 

Volumes of earthwork, end area 
and prismoidal, 257-260 
Voucher, contract, 708, 709 

Water, determining the volume of 
impounded, 596, 002 
Water level recorder, 604 
Weirs for discharge measurements, 
626 

Weisbach method, 694 
Well-planned subdivision, 664 
Wiggled in, 693 
Wire drag, 693 
Witness corners, 201 
Witness, expert for boundaries, 632 
Wye level, 70 
adjustment of, 143-145 

Year, tropical, 380, 381 

Zenith distance, 369 
Zenith projections, 586 
Zones for state coordinates, 641, 642 
Zoning plan, 655 
Zoning regulations, 665 
Zoning surveys, 661-663 
field maps of, 662, 663 
symbols for, 662, 663 







